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USE IN LIFE SUPPORT DEVICES OR SYSTEMS MUST BE EXPRESSLY AUTHORIZED 


SGS-THOMSON PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF SGS-THOMSON Microelectronics. As 
used herein: 


1. Life support devices or systems are those which (a) are 2. Acritical component is any component of a life support 
intended for surgical implant into the body, or (b) support device or system whose failure to perform can reason- 
or sustain life, and whose failure to perform, when prop- ably be expected to cause the failure of the life support 
erly used in accordance with instructions for use pro- device or system, or to affect its safety or effectiveness. 


vided with the product, can be reasonably expected to 
result in significant injury to the user. 
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INTRODUCTION 


With Modem integrated circuits from SGS-THOMSON, data, be it fax or voice, can be trans- 
mitted via any telephone or power line, any time, at any speed, in any standard or protocol 
and in any size down to PCMICIA type II format. 


The SGS-THOMSON Modem and Power Line Modem IC product range focuses on high per- 
formance and high quality devices. All are made with the most appropriate choice of techno- 
logy, carefully selected from a broad portfolio that is unique to SGS-THOMSON. 


With the information contained in the following pages, an optimum solution can be selected in 
a few seconds. The first table enables selection of a Telephone Line Modem, according to 
the transmission standard needed. The selection depends on the needs of the user : a com- 
plete solution; just a Data Pump; or a leading Modem Analog Front End for V.34 implement- 
ation. 


Intentionally, the table has been simplified to enable quick selection of a device. It does not 
pretend to show all embedded functions. For a comprehensive function list, the first page of 
the datasheet should be consulted. For example, some Modem ICs also include voice func- 
tions; Analog Front-end devices include clock generation and can also be used as an Audio 
Front-end. 


The second tables gives a quick summary of Power Line Modem products, arranged accord- 
ing to the required data transmission speed. Again, this table is intentionally simplified and 
does not pretend to show all the capabilities of the devices or the powerful development tools 
which allow the user quick turnaround time for a working solution. 


Should an appropriate solution not be found in this databook, please contact the nearest 
SGS-THOMSON Microelectronics representative or salesperson. The solution required may 
already be in development stage, close to being introduced. And if quantity justifies it, a cus- 
tom solution can be tailored to meet specific needs, using SGS-THOMSON’s wide and 
proven telecom design experience. 


Should other semiconductor components be needed for completion of designs - memories, 
micros, standard circuits, for instance ask for the SGS-THOMSON Shortform Catalog or CD 
"Data on Disc" which contain details of the Company’s entire product range. 
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DATASHEETS 


pater | Raman | er 
Number Number 
ST7536 Power Line Mode 

ST7537 Home Automation Modem 

ST7537HS1 | Home Automation Modem 


ST7544 Universal Modem Analog Front-End (UMAFE) 
ST7546 Simplified V.34 Analog Front-End 


ST7548 PCMCIA and PC General Purpose Interface 
ST75C52 High Speed Fax Modem Data Pump 
ST75C502_~=—sC|: V.32bis / V.17 High Speed Modem Data Pump 
ST75C520_ =| High Speed Fax Modem Data Pump 

TS7514 Programmable V.23 Modem with DTMF 
TS7515 Single Chip DPSK and FSK Modem 
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Page 
rr ee | 
TS7514 - A Very Low Cost and Powerful Solution for V.23 Application ...... 
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Computation of Tone Detector Coefficients using TD Software for ST75C502 
ST75C520 - Single Ended and Single Power Supply Hybrid Circuit........ 


AY, BESctioNowes 


ALPHANUMERICAL INDEX 


MISCELLANEOUS 


Type . Page 


SATURN 


SATURN 
ST75C52/C520 
ST7537 


ky7 36S THOMSON 


SELECTION GUIDE 


MODEM 


ITU-T 


v.21 V.22bis v.27T | v.29 
103 | 


75 600 4800 2400 | 4800 | 7200 
1200 | 1200 9600 4800 | 7200 
9600 


aeeicnion| [wine] w= 
oe. 


ST7544 / ST7546 


ST7548 


-PCMCIA - 


Note: For clarity purpose, the slection table is simplified. Data Pumps include many functions which do not appear on 
this table such as Tone/DTMF generation and detection or caller ID demodulation. Please look at the first page 
of datasheet to have a complete view of functionalities. 
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UNIVERSAL MODEM ANALOG FRONT-END (UMAFE) 


BFULL ECHO CANCELLING CAPABILITY 
™ FULLY COMPATIBLE WITH THE ST7543 (7543 mode) 
#16-BIT OVERSAMPLING A/D AND D/A CONVERTERS 
- Programmable down-sampling frequency from 7200 to 
16000Hz 
- Sampling frequency can be 3, 4, 6, 8, 12, 16 x symbol 
rate 
- Programmable Over sampling frequency (128 or 160 x 
sampling frequency) 
- The ST7544 can work with external oversampling 
clocks 
- Programmable symbol rate (600, 1200, 1600, 2400, 
2560, 2743, 2800, 2954, 3000, 3200, 3429 and 3491) 
- Bit rates of 8300bps, 600bps, 1200 and all multiples of 
2400bps up to 28800bps can be generated 
- Dynamic range : 92dB with a sampling frequency 
9600HzZ, oversampling ratio 160 
- Total harmonic distortion : -89dB 
#ON CHIP REFERENCE VOLTAGE 
®THREE PROGRAMMABLE DIGITAL FILTERS SEC- 
TIONS : 
~ Tx interpolation filter 
- Rx decimation filter (up to 14th order each) 
- Rx reconstruction filter (coefficients loaded into RAM) 
BANCILLARY CONVERTERS FOR EYE-DIAGRAM 
MONITORING 


MCLOCK SYSTEM BASED ON DIGITAL PHASE 
LOCKED LOOPS 


- Separate Tx DPLL and Rx DPLL 

- Terminal clock input for Tx synchronization on all multi- 
ples of 2400Hz (VFast synchronization mode) or on 
sub-multiple of baud rate (7543 synchronization mode) 


- Bit, Baud, sampling and highest synchronous clock 
outputs 


- Maximum master clock frequency is 38MHz 
BSINGLE OR DUAL SYNCHRONOUS SERIAL INTER- 
FACE TO DSP 
™ SINGLE POWER SUPPLY VOLTAGE : +5V 
#LOW POWER CONSUMPTION : 


- 260mW operating power at the nominal crystal fre- 
quency of 36.864MHz 

- 160mW operating power at the crytal frequency of 
18.4382MHz 


- Less than 5mW in the Low-Power Reset Mode 


®4.2um CMOS PROCESS 
™PLCC44 OR TQFP44 (1.4mm body thickness) 


June 1995 


DESCRIPTION 


The ST7544 is a single chip Analog Front-End (AFE) 
designed to implement high speed voice-grade Modems 
up to 28800 bps with echo cancelling capability. 
Associated with one or several Digital Signal Processors 
(DSP), such as the ST189XX family, it provides a powerful 
solution for the implementation of multi-mode Modems 
meeting CCITT (V.21, V.22, V.22 bis, V.23, V.26, V.27, 
V.29, V.32,V.32 bis and V.33) and BELL (103, 202, 212A...) 
recommendations. It is fully compatible with the ST7543 in 
7543 mode and is also well suited emerging applications 
involving bit rates up to 28800 bps (in the VFast synchro- 
nization mode). 

The transmit section includes a 16-bit over-sampling D/A 
converter with a programmable interpolating filter. The 
receive section includes a 16-bit oversampling A/D con- 
verter with two programmable filters (one for decimation 
and the other for reconstruction). Oversampling ratio is 
selectable to either 128 or 160. Two additional 8-bit D/A 
converters allow eyediagram monitoring on a scope for 
modem performance adjustment. 

Two independant clock generator systems are provided, 
one synchronized on the Tx rate and the other on the Rx 
rate. 

In External Clock Mode, external oversampling clocks can 
be provided to the chip. 

Two independant synchronous serial interfaces (SSI) allow 
several versatile ways of communicating with standard 
DSPs. 

To save power, e.g. in lap-top modem applications, the 
lowpower reset mode can be used to reduce the power 
consumption to less than 5mW. 


PLCC44 
(Plastic Chip Carrier) 
ORDER CODE : ST7544CFN 


TQFP44 
(Plastic Quad Flat Pack) 
ORDER CODE : ST7544CQFP 
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| - PIN DESCRIPTION 
1.1 - PINCONNECTIONS (Top View) 
PLOC44 


42 | | TxOCLK (TEST2) 


RxRCLK | | 18 
TxSYNC [ | 20 
TxHSCLK [ | 21 
DGND3 |[ | 23 
TxSCLK | § 25 
XTAL10 | | 27 


TQFP44 


39 | | DGND1 
36 | | TxOCLK (TEST2) 


— 


2 
3 
4 
5 
6 
7 
8 
9 


~~ 
Oo 


RxHSCLK [ | 
RxSYNC | | 11 


RxRCLK 
TxRCLK [ } 13 
TxHSCLK | } 15 
TxcLK [ | 16 
DGND3 | | 17 
TxSCLK | | 19 
XTAL10 [ | 21 


Note : The pin names in the parenthesis are the corresponding for the ST7543. 


AYZ, BESottioeons 


ST7544 


RxA2 
RxA1 


AGNDR 
V 
VREFN 

RxOCLK (TEST3) 
EOCMODE (TEST1) 
NLPR (NRESET) 


REFP 


RxA2 
RxA1 
AGNDR 
V 
V REFN 

RxOCLK (TESTS3) 
EOCMODE (TEST1) 
NLPR (NRESET) 


REFP 
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| - PIN DESCRIPTION (continued) 
1.2 - PIN LIST 


[PaFP|PLcc| NAME [| =————C‘éiESCRIPTION, 
42 
RxD! 
TxD! 
TxDO 
FSX 
CLIX 
EYEY 
GND2 
DVppe 
EYEX 8bit XD/AC Output for Eye Pattern display 
xCL 
K 
xRCL 
TxSYNC 
TxHSCLK 
TxCLK 


A 


J|2|2)/2 la Ol _|@ 
Din|= 

O}3/S 

Q 

ALOE 


A 


GND3 
DVos 
xSCLK 
AL2 
TAL10 
TAL11 
NLPR 


EOCMODE | External Oversampling Clock Mode Input. Must be tied to DGND in either the ST7544 
(TEST1) | normal mode or the 7543 mode. 
EST) Receive Oversampling Clock Input. Output high-impedance in normal mode. 
3 


VREFN 16 bit D/AC and A/DC Negative Reference Voltage 


VREFP 16 bit D/AC and A/DC Positive Reference Voltage 


> 


GNDR 
RAI 
RxA2 
AVop Positive Analog Power Supply (+5V+5%) 

Vow 
GNDT 
TxAt 
A2 


(tEST2) Transmit Oversampling Clock Input. Output high-impedance in normal mode. 


BFRS Bit Frame Rate Select Input 
38 SSIM Serial Synchronous Interface Mode Input 


Note : The pin names in brackets are the corresponding names for the ST7543. 
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pis &/ RB) G1 | 1G} GH] @/@]@ w DINININMININ NI INTMOIN NM) ])st)sAal]e) eyes sysctl sto ~~) 
|} @ Ml—1O];/O!}O]N {OO} or] {G1 Pp _ OCOlLOSOINI ODO; HRI/WOIM!]—/O;/O/OIN I O/A!;RI/W!M/—|/O 
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| - PIN DESCRIPTION (continued) 


1.3 - PIN FUNCTION 
1.3.1 - Power Supply (9 Pins) 


Analog Vpp Supply (AVpp) 

This pin is the positive analog power supply 
(+5V+5%) for the Transmit and the Receive sec- 
tions. It is not internally connected to digital Vpp 
supply (DVpp1-3). 

Digital Vpp Supply (DVpp1,DVpp2, DVpp3) 

These pins are the positive digital power supply 
(+5V+5%) for Transmit and Receive digital internal 
circuitry. 

Analog Ground (AGNDT,AGNDR) 

These pins are the analog ground return of the 
analog Transmit (Receive) section. 


Digital Ground (DGND1,DGND2,DGND3) 

These pins are the ground connections for Trans- 

mit and Receive internal digital circuitry. 

Note 1: To obtain published performance, the analog Vpp and 
Digital Vop should be decoupled with respect to AGND and 
DGND, respectively. The decoupling is intended to isolate 
digital noise from the analog section; decoupling 
capacitors should be as close as possible to the respective 
analog and digital supply pins. 

Note 2: All the ground pins must be tied together. In the following 
section, the ground and supply pins are refered to as GND 
and Vpn, respectively. 


1.3.2 - Clock and Control Signals (16 Pins) 


External Clock/Crystal Inputs (XTAL10,XTAL11) 
XTAL10 and XTAL11 inputs must be tied to exter- 
nal crystal(s) or external clock(s). These inputs are 
selected from the TxCtrl register. The maximum 
clock rate is 38MHz. XTAL10 is the default External 
Clock/Crystal input. It is mandatory to shortcircuit 
XTAL10 and XTAL11 whena single external crystal 
or clock generator is used. The nominal master 
clock frequency is 36.864MHz (this frequency and 
the frequency 25.8048MHz are well suited for the 
V.Fast application) but the onchip amplifier is de- 
signed for a parrallel crystal oscillator with a fre- 
quency equal to 18.482MHz. The other master 
clocks frequencies (18.432MHz, 25.8048MHz and 
29.4912MHz) are well suited for the well known 
CCITT recommendations (V.21 through V.32bis). 


Crystal Outputs (XTAL2) 

This output is to be tied to one or two external 
crystals (See Figure 1). If an external clock is used, 
XTAL2 should-be left open circuit. 


Low power and Reset Input (NLPR) 

This pin , when low, synchronizes the ST 7544 clock 
system and puts it in low power mode. NLPR pin 
must be tied to Vop during normal operation. Ac- 
cess to the chip is disabled during power-on reset 


until the clock oscillator starts. The reset time du- 
ration can be increased by connecting the NLPR 
input to an external RC network (See Figure 9). The 
Low-Power Reset Mode is actived when this pin is 
tied to GND (Operation of all clocks and the analog 
section is stopped). 


Transmit Synchronization Clock Input (TxSCLK) 
This pin can be connected to an external terminal 
clock to phase-lock to the internal transmit clocks. 
It can be disabled under software control to allow 
the Tx DPLL to free run or phase lock to on the Rx 
clock system. 


Transmit Bit Rate Clock Output (TxCLk) 
This pin outputs the synchronous transmit bit clock 
selected for the MODEM. 


Transmit Baud Rate Clock Output (TxRCLK) 
This pin, when the bit D4 within receive register 
RxCR3 is set to 0, outputs the synchronous trans- 
mit baud rate clock (initial state). When bit D4 is set 
to 1 this pin outputs the frequency comparison 
signal FCOMP (used by the TxDPLL in both 7543 
mode and V.Fast synchronization). 


Transmit Synchronization Pulse Output 
(TxSYNC) 

This pin outputs the synchronization transmit reset 
pulse when a soft reset is applied to the ST7544. 
Combined with TxHSCLK clock it can be used to 
externally provide any synchronous transmit clock. 


Transmit Highest Clock Output (TxHSCLK) 
This pin outputs the highest synchronous transmit 
clock to provide any external or multiplexing clock. 


Transmit Oversampling Clock input (TxXOCLK) 
This input can be connected to an external clock to 
provide the chip with the over-sampling clock, de- 
pending on the External Over sampling Mode input 
(EQCMODE). In normal mode this pin should be 
static (tied to GND or Vpp). 

Receive Bit Rate Clock Output (RxCLK) 

This pin outputs the synchronous receive bit clock 
selected for the MODEM. 

Receive Baud Rate Clock Output (RxRCLK) 
This pin outputs the synchronous Receive baud 
rate clock. 

Receive Synchronization Pulse Output (RxSYNC) 
This pin outputs the synchronization receive reset 
pulse when a soft reset is applied to the ST7544. 
Combined with RXHSCLK clock it can be used to 
externally provide any synchronous receive clock. 
Receive Highest Clock Output (RXHSCLK) 

This pin outputs the highest synchronous receive 
clock to give any external or multiplexing clock. 
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| - PIN DESCRIPTION (continued) 


Receive Oversampling Clock input (RxOCLK) 
This input can be connected to an external clock to 
provide the chip with the oversampling clock, de- 
pending on the External Over sampling Mode input 
(EOCMODE). In normal mode this pin should be 
static (tied to GND or Vpp). 


External Oversampling Clock Mode 
(EOCMODE) 

This pin is used for selecting one of the two possible 
oversampling modes. When EOQCMODE is tied to 
GND, all the clock are provide internally (mode 
compatible with the ST7543). When EOCMODE is 
tied to Vpp, the oversampling clocks must be input 
on TxOCLK and RxOCLK pins. The TxHSCLK 
(RxXHCLK) and TxSync (RxSync) signals along with 
external fractional divider can be used to provide 
the oversampling clocks to the ST7544. 


1.3.3 - Synchronous Serial Interfaces 
(SSIA,SSIB) (10 pins) 

Serial Synchronous Interface Mode input (SSIM) 
This input activates one or both serial interfaces. 
When SSIM is tied to Vpp, both A and B ports are 
functional : port A (SSIA) is dedicated to the Trans- 
mit channel and port B (SSIB) is dedicated to the 
Receive channel. 

When SSIM is tied to GND only port A (SSIA) is 
selected. In this case SSIA carries both Tx and Rx 
Signals and EYE pattern. 


Bit Frame Rate Select input (BFRS) 

This input selects one of the two possible bit fre- 
quencies for the BCLKX-and BCLKR clocks. When 
BFRS is tied to Vpp the BCLKX (BCLKR) frequen- 
cies are 128 (160 (1)) times the FSX (FSR) frequen- 
cies. When BFRS is tied to GND, BCLKX (BCLKR) 
frequencies are 64 (80 (1)) times the FSX (FSR) 
frequencies. 


Frame Synchronization Transmit output (FSX) 
This output clock is the Transmit Frame synchroni- 
zation pulse signal of the SSIA port which has 
nominal frequency equal to the transmit sampling 
frequency. This pulse indicates the beginning of the 
16-bit serial words on the serial data input/output 
port A. 

Bit Clock Transmit output (BCLKX) 

This output pin provides the serial bit clock for the 
SSI port A. The BCLKX frequency equals 128 (160 
(1)) or 64 (80 (1)) times the Transmit sampling 
frequency, depending on the Bit Frame Select 
Input (BFRS). 

Serial Data Transmit input (TxDI) 

This input receives word-oriented serial data. Data 
is loaded from TxDI into the Transmit Shift Register 
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(TSRIN) on the falling edge of BCLKX and trans- 
fered to the Transmit Buffer Register (TBRIN) when 
a complete 16 bit word has been received. Data is 
assumed to be received MSB first. 


Serial Data Transmit output (TxDO) 

This output sends word-oriented serial data. The 
16 bit Data Word loaded in the Transmit Buffer 
Register (TBROUT) is transfered to the Transmit 
Shift Register (TSROUT) and clocked out of 
TSROUT on the rising edge of BCLKX. Serial 
words are transmitted MSB first. 


Receive Frame Synchronization output (FSR) 
This output clock is the Receive Frame synchroni- 
zation pulse signal of SS! port B which has fre- 
quency equal to the receive sampling frequency. 
This pulse is used to indicate the beginning of serial 
words on the serial data input/output port B. 


Receive Bit Clock output (BCLKR) 

This output pin provides the serial bit clock for the 
SSI port B. The BCLKR frequency is 128 (160 (1)) 
times or 64 (80 (1)) times, selected by BFRS ) the 
receive sampling frequency. 


Receive Serial Data input (RxDl) 

This input receives word-oriented serial data. Data 
is clocked from RxDI into the Receive Shift Register 
(RSRIN) on the falling edge of BCLKR and trans- 
fered to the Receive Buffer Register (RBRIN) when 
a complete 16-bit word has been received. Data is 
assumed to be received MSB first. 


Receive Serial Data output (RxDO) 

This output sends word-oriented serial data. The 
16-bit Data Word loaded in the Receive Buffer 
Register (RBROUT) is transfered to the Receive 
Shift Register (RSROUT) and clocked out of 
RSROUT on the rising edge of BCLKR. Serial 
words are transmitted MSB first. 


Note 1: The oversampling ratio is selectable using the V divider 
(Table 40) 


1.3.4 - Analog Interface (9 pins) 

D/AC and A/DC Positive Reference Voltage out- 
put (VREFP) 

This pin provides the Positive Reference Voltage 
used by the 16-bit converters. The reference volt- 
age, Vrer, is the voltage difference between the 
Vrerp and VrRern outputs, and its nominal value is 
2.5V. VReFP Should be externally decoupled with 
respect to Vcm (See Figure 17). 

D/AC and A/DC Negative Reference Voltage 
(VREFN) 

This pin provides the Negative Reference Voltage 
used by the 16 bit converters, and should be exter- 
nally decoupled with respect to Vc. 
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| - PIN DESCRIPTION (continued) 


Common Mode Voltage input (Vcm) Receive Positive Analog Input (RxA1) 
This input pin is the common mode Voltage (AVpp- This pin is the differential positive A/DC Input. 
AGND)/2 that should be externally provided. This Receive Negative Analog Input (RxA2) 


input must be decoupled with respect to GND. This pin is the differential negative A/DC Input. 

Smoothing filter positive Output (TxA1) These analog inputs (RxA1,RxA2) are presented 
This pin is the positive output of the fully differential to the SigmaDelta modulator, the analog input peak 
analog smoothing filter. to peak signal range must be less than 2 x Vrer, 
Smoothing filter negative Output (TxA2) and must be preceded by an external continuous- 


This pin is the negative output of the fully differential _ time single pole anti-aliasing filter (see Figure 16). 
analog smoothing filter. Outputs TxA1 and TxA2 ‘The cut-off frequency of the filter must be lower 
provide analog signals with maximum peak to peak than one half the transmit over-sampling frequency 
amplitude 2 x Vrer, and must be followed by an (TxOSCK). These filters should be set as close as 
external continuous time two pole smoothing filter Possible to the RxA1 (RxA2) pins. 

(see Figure 16) (1). The external filter follows the D/AC output for Eye Pattern (EYEX,EYEY) 
internal single pole switch capacitor filter (see sec- These pins are the outputs of two 8-bit digital to 
tion V.2.2). The cutoff frequency of the external analog converters used to monitor, on a CRT, the 
filter must be greater than two times the transmit X and Y quadrature signals of the eye pattern of 
sampling frequency (Fsx), so that the combined the demodulated signal. 

frequency response of both the internal and exter- Note 1: The smoothing filter order depends of the acceptable 
nal filters is flat in the pass band. transmit signal spectrum on the line 


ll - BLOCK DIAGRAM 
Figure 1 : General Block Diagram 
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Ili - FUNCTIONAL DESCRIPTION 


lll.1 - SIGNAL TRANSFER BLOCK DIAGRAM 


The ST7544 Block Diagram illustrates three paths as follows : The Transmit D/A Section, the Receive A/D 
section and the Receive Reconstruction section. 


Figure 2 : Signal Transfer Block Diagram 
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lll - FUNCTIONAL DESCRIPTION (continued) 


lil.2 - TRANSMIT D/A SECTION 


The functions included in the Tx D/A section are 
detailed hereafter. 


ll1.2.1 - Interpolation Filters 


The oversampling is performed by two cascaded 
digital interpolating filters : IIR1 and FIR1. Two 
oversampling frequency are available. The IIR1 
and FIR1 filters are sampled at 4 x Fsx and 128 x 
Fsx (5 x Fsx and 160 x Fsx), respectively. 


IIl.2.1.1 - Programmable Interpolation Filter (1IR1) 


IIR1 is an infinite impulse response interpolating 
filter. 


The purpose of this digital filter is to interpolate 
4-times (5times) the digital signal coming from the 
DSP. This filter is sampled at 4-times (Stimes) the 
basic sampling frequency, e.g. 9600 x 4 Hz 
(9600 x 5 Hz), and must exhibit, as a minimum, a 
low-pass section which is mandatory to remove 
replicas above half the sampling frequency 
(e.g. 4800HZz) (see Figure 13). 


The digital samples are encoded in 16-bit two’s 
complement format. 


The IIR 1 filter is a cascade of seven biquads (see 
Figure A1). The filter coefficients are loaded into 
the associated RAM (38 x 13). Each coefficient is 
coded into 12bits and can be doubled by virtue of 
an extra bit. All 38 coefficients have to be loaded 
to implement an IIR transfer function (See An- 
nexe A). 


This filter has been made programmable to offer 
each user the possibility to add filtering charac- 
teristics, e.g. high-pass section or equalization, 
matched to a particular application. 


1.2.1.2 - FIR Filter (FIR1) 


FIR1 is a finite impulse response interpolating filter. 
Its input sampling frequency is 4 x Fsx (or 5 x Fsx) 
and its interpolation ratio is 32. The Z transfer 
function of this FIR is: 


3 
~32 
32(1-z ) 
with Z = exp (j2nF/Txoclk) 
and Txoclk = 128 (160) x Fsx 
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11.2.2 - D/A Converter 


The 128-times (160times) oversampled D/A con- 
verter includes a second order digital noise shaper, 
a one bit D/A converter and a single pole analog 
low-pass filter. The gain of the last output stage can 
be programmed to 0dB,-6dB or infinite attenuation. 
The cut-off frequency of the single pole switch-ca- 
pacitor low-pass filter is : 


fc-3dB=Txoclk /(2 x m x 10) 
where Txoclk = 128 (160) x Fsx 


Continuous-time filtering of the analog differential 
output is necessary using an off-chip amplifier and 
a few external passive components (see Fig- 
ure 16). 


At least 86dB signal to noise plus distortion ratio 
can be obtained in the frequency band 300- 
3400Hz, with a -6dBr output signal. 


1.3 - RECEIVE A/D SECTION 


The different functions included in the Rx A/D 
section are detailed hereafter. The format used at 
the digital interfaces of the Rx channel is two’s 
complement encoded 16-bit. 


i11.3.1 - A/D Converter 


The 128 (160) oversampled A/D converter is based 
on a second order sigma-delta modulator. The 
signal to noise plus distortion ratio obtained for a 
signal spectrum limited to the 300-3400Hz tele- 
phone band, is typically 86dB with a -6dBr input 
signal. 


lil.3.2 - Decimation Filters 


The 128 (160) decimation is performed by two 
interpolating digital filters : FiR2 and I/R2, which are 
sampled at 128 x Fsx and 4 x Fsx (160 x Fsx and 
5 x Fsx), respectively . 


1.3.2.1 - FIR Filter (FIR2) 


FIR2 is a finite impulse response decimating filter. 
Its sampling frequency is 128 x Fsx (or 160 x Fsx) 
and its decimation ratio is 32. The Z transfer func- 
tion of this FIR is: 


3 
—32 
Hoe Sa | 
32(1-Z ) 


with Z = exp (j2mF/Txoclk) 
and Txoclk = 128 (160) x Fsx 
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lil - FUNCTIONAL DESCRIPTION (continued) 


[1.3.2.2 - Programmable Decimation Filter (IIR2) 


IIR2 is an infinite impulse response filter. It provides 
the low-pass filtering needed to remove the noise 
remaining above half the sampling frequency 
(e.g. 4800Hz) (see Figure 14). The output of the 
IIR2, RxTx, will be processed by the DSP. In "band 
split" mode (see Table 21), RxTx becomes the 
input signal to IIR3. The RxTx will always be avail- 
able on serial interface (SSIA in Figure 2). 


The IIR2 filter is a cascade of seven biquads. The 
filter coefficients are loaded into the associated 
RAM (38 x 13). 


The filter transfer function has been made pro- 
grammable in order to meet specific requirements. 
The sampling frequency is 4-times (5-times) the 
down-sampling frequency selected for the Tx sec- 
tion (e.g. 9600 x 4Hz or 9600 x 5Hz). 


To support echo cancelling applications the clocks 
used for the A/D converter and the decimation 
filters are synchronized on the Tx system clock, i.e. 
on the Tx rate. It must be pointed out that using a 
single clock system in A/D and D/A conversions is 
important for reducing induced noise. 


The 12+1 bit filter coefficients are loaded into the 
internal RAM2 and must be loaded from the serial 
bus. All 38 coefficients have to be loaded to imple- 
ment an IIR transfer function. 


11.3.3 - Eye-diagram Display 

Two 8-bit digital to analog converters are provided 
to monitor, on a CRT, the X and Y quadrature 
signals of the eye pattern related to the demodu- 
lated signal. The format of the data input is MSB 
first, 8-bit two’s complement, and most significant 
byte for EYEY sample and least significant byte for 
the EYEX sample. The reference voltage of these 
two converters is the power supply voltage Vpp. 
The EYE pattern can be monitored on one or two 
Synchronous Serial Interface mode. 


ll.4 - RECEIVE RECONSTRUCTION SECTION 


As the Rx channel sampling is synchronized to the 
Tx system clock, it is necessary to reconstruct the 
Rx signal in order to get samples synchronized to 
the Rx symbol rate recovered in the demodulator. 
The function of the reconstruction filter (IIR3 and 
FIRS) is to oversample by 128 x Fsx (160 x Fsx) 
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the receive signal (ResSig) comming from the DSP 
after echo cancellation. The oversampled signal is 
then down-sampled at Fsr rate to make it available 
to the DSP as RxSig at SSIB or RxS1/RxS2 at SSIA 
(see section IV.1 and IV.2). The down sampling 
process does not introduce significant error. 


The transfer function of the first section of the 
reconstruction filter is programmable in the same 
way as the Tx and Rx IIR filters previously de- 
scribed. 


11.4.1 - Programmable Interpolation Filter (IIR3) 


IIR3 is an infinite impulse response interpolating 
filter. 


The purpose of this digital filter is to interpolate 
4-times (5-times) the digital signal from the DSP. 
This filter is sampled at 4-times (5-times) the basic 
sampling frequency, e.g. 9600 x 4 Hz (9600 x5 Hz). 


The digital samples are encoded in 16-bit two’s 
complement format. 


The IIR8 filter is a cascade of seven biquads. The 
filter coefficients are loaded into the associated 
RAM (38 x 13). Each coefficient is coded into 12 
bits and can be doubled by virtue of an extra bit. All 
38 coefficients have to be loaded to implement an 
IIR transfer function. 


This filter has been made programmable to offer 
each user the possibility to add filtering charac- 
teristics, e.g. highpass section or equalization, 
matched to a particular application. 


For example, in a band-split MODEM application, 
the first section can be a wide channel band-pass 
filter (allowing the DSP to supervise boundary 
audio tones) and the second section can be dedi- 
cated to high band and low band splitting. 


1.4.2 - FIR Filter (FIR3) 

FIR3 is a finite impulse response interpolating filter. 
Its input sampling frequency is 4 x Fsx (5 x Fsx) 
and the interpolation ratio is 32. The Z transfer 
function of this FIR is : 


3 
_ 3-32 
32(1-Z) 
with Z = exp (j22F/Txoclk) 
and Txoclk = 128 (160) x Fsx 
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- Ill - FUNCTIONAL DESCRIPTION (continued) 


1.5 - CLOCK GENERATION 


Master clock is obtained from either a crystal tied 
between pins XTAL10 (or XTAL11) and XTAL2 or 
from an external signal connected to the XTAL10 
(or XTAL11) pin, in the latter case, the XTAL2 pin 
should be left open circuit. 


Two external crystals (or two external master clock 
signals), software selectable one at a time, can be 
used to cope with complex applications. It is man- 
datory to shortcircuit XTAL10 and XTAL11 whena 
single external crystal or clock generator is used 


To insure the start-up of the ST7544, the XTAL10 
input must always be tied to a crystal or an external 
clock signal, as that pin is automatically selected 
when powering-on the device. 


The different transmit (Tx) and Receive (Rx) clocks 
are obtained by master clock frequency division in 
several programmable counters. The Tx and Rx 
clocks can be synchronized on external signals by 
performing phase shifts in the frequency division 
process (equivalent to adding or suppressing mas- 
ter clock transitions at the counter inputs). Two 
independant digital phase locked loops (DPLL) are 
implemented using this principle , one for Tx and 
one for Rx. 


Two clock modes are available, selected by the 
Table 1 : List of usual frequency available 


Crystal 
Frequency 


Symbol Rate Frequency 


18.432 (2) 600, 1200, 1600, 2400 


36.864 (3) | 600, 1200, 1600, 2400, 2560, 2743, 
2954, 3000, 3200, 3429, 3491 


Notes : 1. Depending on the symbol rate frequency 
2. 7543 mode 


FQ (MHz) Fbaud (baud) All up others 
to 19200 


25.8048 600, 1200, 1600, 2400, 2800 Eel 19600/22400 | 3,4,5,6,8,12 or 16 times Fbaud 
29.4912 (2) 600, 1200, 1600, 2400 | Yes |  ———_—_—|_-3,4,5,6,8,12 or 16 times Fbaud 


All up to 3,4,5,6,8,12 or 16 times Fbaud 
28800 


ST7544 


External Oversampling Clock Mode input pin 
(EOCMODE). When the EOCMODE pin is tied to 
the GND the internal clock mode is selected. In this 
mode all the clock are generated internally. When 
the EOCMODE pin is tied to Vpp, the External 
Oversampling Clock Mode is selected. 


In the latter case, the user must provide the chip 
with the oversampling frequency knowing the inter- 
polation and the decimation ratios selected in the 
TxCR3 and RxCR3 register. The oversampling 
clock can be provided by an external clock system. 
It can also be provided from the highest synchro- 
nous clock (TXHSCLK and RxHSCLK) using an 
external divider. In any case, the user will have to 
comply with the relation : Crystal frequency FQ 
must be greater than 470 x 4 x Fsx with an over- 
sampling ratio of 128 or than 470 x 5 x Fsx with an 
oversampling ratio of 160. 


Several values can be chosen for the master clock 
frequency. The four frequencies given in table 1 are 
of particular interest, as they are compatible with 
standard Modem frequencies. 


Note: In the remainder of the datasheet, unless otherwise 
indicated, 36.864MHz will be considered as the nominal 
master clock frequency. The maximum master clock 
frequency is 38MHz. 


Bit Rate (bps) Sampling (bps) 


Fsx, Fsr (Hz) (1) 


| Yes | | 3,4,5,6,8,12 or 16 times Fbaud 


3. This crystal frequency provides all the symbol rates satisfying the relation ° 


Symbol rate = (2400 x 16)/K with K = (16, 15, 14, 13, 12, 11) 


Symbol rate = (2400 x 8)/K with K = (8, 7, 6) 
Symbol rate = (2400 x 10)/K with K = (8, 7) 
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Ill - FUNCTIONAL DESCRIPTION (continued) 


11.5.1 - Transmit DPLL 


Frequency control of the Tx clock system (Fig- 
ure 10) is obtained by performing additional up or 
down counting steps in the three input dividers M, 
N and P. These elementary phase shifts of one 
master clock period are repeated at either the rate 
of the Fsx clock, or half that rate, depending on the 
required capture and tracking ranges (see table 15 
and 26). The average updated frequency then 
varies between the following limits : 


FQ - FSHIFT < Faverage < FQ + FSHIFT 


Where FQ is the master clock frequency and 
FSHIFT equals Fsx or Fsx/2 (see table 26). 


The TxDPLL phase comparison which determines 
lead or lag decisions, is simply obtained by sam- 
pling the synchronization clock, TxSCLK or RxCLK, 
on the falling edges of an internal clock taken from 
the division chain, FCOMP (see table 25). FCOMP 
frequency must be an integer submultiple of the 
synchronization clock. This frequency determines 
the Tx jitter magnitude. In V.Fast synchronization 
mode FCOMP is equal to 2400Hz, and in 7543 
mode the synchronization clock FCOMP can be 
chosen to be equal to the baud rate frequency. Only 
phase shifts of the same sense (lead or lag) are 
performed during each FCOMP period. The actual 
phase shifts during FCOMP period are given by the 
ratio 


FSHIFT/FCOMP 


These phase shifts are performed at the inputs of 
the M,N, and P dividers to lock the DPLL to the 
synchronisation signal (see Table 22). The Tx clock 
system may also run freely without any phase shift. 
In this case, the TxSCLK input is no longer active. 
The DPLL capture and tracking range equals 
+FSHIFT/FQ. They have to be greater than 
+ 200ppm to comply with CCITT recommenda- 
tions. FSHIFT = Fsx/2 minimizes the jitter. Because 
of this, there is a trade-off between higher capture 
and tracking ranges and lower jitter. 

Ex : FQ = 36.864MHz and FSHIFT = 9600HZz. 


Capture and tracking range = + FSHIFT/FQ 
= + 9600H2/36.864MHz = + 260ppm 


1.5.2. Transmit Clocks 
111.5.2.1 - Internal Mode 


The internal clock mode is selected when the pin 
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EOCMODE is tied to GND. In this mode the 

ST7544 provides three Tx programmable synchro- 

nous modem clocks : 

- a transmit bit rate clock TxCLK 

- a transmit baud rate clock TxRCLK 

- a transmit highest synchronous clock TXHSCLK, 
associated with the TxSYNC synchronization 
pulse, useful to generate additional clocks (e.g. 
extra divisors) if needed. 


The outputs of the latter two clocks, can be disabled 
when not used, but in 7543 synchronisation mode 
a correct baud rate frequency must be pro- 
grammed as the FCOMP clock frequency depends 
on it. 


The Tx clock system provides the sampling and 
oversampling clocks as well as the bit and synchro 
clocks (BCLKX and FSX) used by the serial inter- 
face A (SSI-A) described in section IV. 


The counters of the Tx clock system (Figure 10) are 
automatically reset when powering-on the ST7544 
and when the NLPR input level is low. They can 
also be reset, under software control, during the 
following conditions : 

- on the next falling edge of the TxSCLK terminal 
clock or of the RxCLK receive bit rate clock (SST 
bit table 22). 

- on the next falling edge of the TxRCLK transmit 
baud rate clock when any Tx register is accessed. 


The former gives the capability to speed-up the Tx 
DPLL synchronization; the latter is useful to fix the 
phase of the bit rate clock with respect to the baud 
rate clock, in particular after each modification of 
the bit or baud rate value. 


The internally generated pulse resetting the Tx 
counters is output at the TXSYNC pin in order to 
synchronize external functions using the TxXHSCLK 
clock. 


1.5.2.2 - External Mode 


The external clock mode is selected when the pin 
EOQCMODE is tied to the Vpp. In this mode the user 
must provide the ST7544 with the transmit over- 
sampling clock. The internal DPLL can be used if 
the external transmit oversampling clock is gener- 
ated by a divider synchronized by both the 
TXHSCLK and TxSync signals. 
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Ill - FUNCTIONAL DESCRIPTION (continued) 


11.5.3 - Receive DPLL 


The synchronization of the Rx counters delivering 
the Rx clocks (Figure 11) is performed by addition 
or suppression of master clock periods under DSP 
control. In this case, the phase comparison function 
of the RxDPLL is implemented in the associated 
DSP recovering the received symbols. 

Two types of phase shift control are provided in the 
ST7544 : 

- acoarse phase lag of programmable magnitude, 
obtained from the suppression of 64 to 4096 
successive master clock transitions. This control 
is to be used to reduce the RxDPLL locking time. 
a fine phase lead or lag of programmable magni- 
tude (i.e. 8 to 32 master clock periods or one Tx 
oversampling clock period) continuously used to 
implement the phase control loop. (see Table 38). 
Each elementary phase shift, corresponding to an 
addition or a subtraction of one master clock 
transition, is synchronized on an internal clock 
with frequency equal to the Rxoclk (128 or 160 
times the Rx sampling frequency Fsr). A phase 
shift is therefore, always completed in less than 
one Fsr period. 


[11.5.4 - Receive Clocks 
11.5.4.1- Internal Mode 


The internal clock mode is selected when the pin 

EOCMODE is tied to GND. In this mode the 

317544 provides three Rx synchronous program- 

mable modem clocks : 

- receive bit rate clock RxCLK 

- receive baud-rate clock RxRCLK 

- receive highest synchronous clock, RxHSCLK 
associated with the RxSYNC synchronization 
pulse useful to generate additional clocks 


The RxRCLK and RxHSCLK outputs can be dis- 
abled when not used. The bit rate clock frequency 
of the Rx modem can be chosen to be different from 
its Tx counterpart, provided Rx to Tx loopback is 
not required. The Rx clock system also provides 
the Rx sampling clock as well as the bit and synchro 
clocks (BCLKR and FSR) used by the serial inter- 
face B (SSI-B) described in section IV. The digital 
reconstruction filter implemented in the ST7544 
makes possible the choice of a receive nominal 
sampling frequency different from the transmit 
nominal sampling frequency. The counters of the 
Rx clock system (Figure 11) are reset when pow- 
ering on the ST7544 and when the NLPR input 
level is low. They can also be reset, under software 
control, on the next falling edge of the RxRCLK 
receive baud rate clock when the RxCRO or RxCR1 
register are accessed : this feature is used to fix the 
phase of the bit rate clock with respect to the baud 
rate clock, e.g. after each modification of the bit or 
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baud rate value. The internally generated pulse 
resetting the Rx counters is output at the RXxSYNC 
pin in order to be used with the RXHSCLK clock. 


111.5.4.2 - External Mode 


The external clock mode is selected when the pin 
EOCMODE is tied the Vpp. In this mode the user 
must provide the ST7544 with the receive over- 
sampling clock. The interna! DPLL can be used if 
the external receive oversampling clock is gener- 
ated by a divider synchronized by both the 
RxHSCLK and RxSync signals. 


1.6 - SERIAL INPUT/OUTPUT 
SYNCHRONOUS INTERFACES 


The MAFE has two Synchronous Serial Interfaces 
ports, SSIA and SSIB. They allow independent 
transmit and receive paths. Through the two serial 
ports, the MAFE can talk to various digital signal 
processors. The various serial interface signals 
and internal registers are given below : 

SSI PORT A (SSIA) 

- Transmit Frame Synchronization output (FSX) 

- Transmit Bit clock output (BCLKX) 

- Transmit Serial Data input (TxDI) 

- Transmit input Shift Register (TSRIN) 

- Transmit input Buffer Register (TBRIN) 

- Transmit output Shift Register (TSROUT) 

- Transmit Serial Data output (TxDO) 

SSI PORT B (SSIB) 

- Receive Frame Synchronization output (FSR) 

- Receive Bit clock output (BCLKR) 

- Receive Serial Data input (RxDI) 

- Receive input Shift Register (RSRIN) 

- Receive input Buffer Register (RBRIN) 

- Receive output Shift Register (RSROUT) 

- Receive Serial Data output (RxDO) 


INPUT MODES 
- Synchronous Serial Interface Mode (SSIM) 
- Bit Frame Rate Select (BFRS) 


With SSIM input, the user can choose either single 
interface mode or dual interface mode. In single 
interface mode (section VI.2), only port SSIA is 
operational. Where as in dual interface mode (sec- 
tion V1.1), both SSIA and SSIB ports are opera- 
tional. These two ports carry data inside a 
synchronous frame consisting of four/five or 
eight/ten sixteen bit time slots (only the four first 
time slots are used for transporting information. 
SSIA port is synchronous to the Tx system clock 
and SSIB port is synchronous to Rx system clock. 
The format of the signal samples carried on these 
port is two’s complement with MSB sent or received 
first. As explained hereafter it is also possible to use 
the port A only to transfer the data between the 
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lil - FUNCTIONAL DESCRIPTION (continued) 
11.6.1 - Tx Clock Related Registers 
Figure 3 : Tx Clocks Related Registers 
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Ill.6.2 - Rx Clock Related Registers 
Figure 4 : Rx Clocks Related Registers 
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16 bit data bus (synchronized to the Tx clock system) 
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(12+1) bit 


16 bits TxCRO 1 


16 bits 


16 bits 


16 bits RxRCO 1 


SSIM 


16 bits 
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IV - SERIAL INTERFACE OPERATION 


Serial data transmission (reception) is initiated by 
a frame synchro signal FSX (FSR). The Data is 
clocked from TxDI (RxDI) into TSRIN (RSRIN) on 
the falling edge of BCLKX (BCLKR) and transfered 
to the TBRIN (RBRIN) register when a complete 16 
bit word has been received. Data is assumed to be 
received MSB first. 


Serial data transmission (reception) output is initi- 
ated by a frame synchro signal FSX (FSR). The 
16-bit Data word is loaded into TSROUT 
(RSROUT) and serially clocked out of TSROUT 
(RSROUT) to TxDO (RxDO) on the rising edge of 
BCLKX (BCLKR). 


BCLKX (BCLKR) frequency can be programmed to 
be either 64 or 128 (80 or 160) times Fsx (Fsr) using 
the Bit Frame Select (BFRS) input pin. This mean 
that the frame contains four, five, eight or ten time 


Figure 5 : Serial Channel Timing 


BCLKX 
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slots of 16 bits. The time slots used for circuit 
operation are indicated in the next paragraph. 


IV.1 - DUAL SERIAL INTERFACE MODE (SSIA, SSIB) 


When SSIM is tied to Vpp, both A and B ports are 
functional : port A (SSIA) is dedicated to the Tx 
channel and port B (SSIB) to the Rx channel. The 
timing diagram showing the data format is given in 
Figures 5 and 6. 


The time-slot TXO1 is dedicated to RAM coefficient 
reading. The RAM coefficient is selected by the 
address bits RAO to RA1 in the TxCtrl word (see 
Table 4). Reading is initiated by the rising edge of 
Start bit Stb (bit D14 in Table 3) in the TxCtrl word. 


Note: RxSig is also available in two time slot RxS1 and RxS2 on 


the time slot TxO2 and TxO3 on SSIA (see section IV.2) 


Fsx | : ° 
(Fsr) 


TxDI . 
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IV - SERIAL INTERFACE OPERATION (continued) 


Figure 6 : Serial Channel Timing. Dual Port Mode 


(Tx01) 


IV.2 - SINGLE SERIAL INTERFACE MODE 


When SSIM is tied to GND, only port A (SSIA) is 
selected. In this case, port A carries both Tx and 
Rx signal samples and control words at Tx sam- 
pling rate (Fsx). The RxDI input should be tied to 
Vpp. Since port B is not functional in this mode, the 
RxSig (synchronized to Fsr) will be available in the 
two time slots, RxS1 and RxS2, synchronized to 
Fsx. The reason for the two time slots is that the 
Fsr could be different in magnitude and phase from 
the Fsx. The status bit StO and St1 are used to 
indicate which of the RxS1 and RxS2 are valid. 
Please see the table following. For example, if Fsx 
= 9600Hz and Fsr = 14400Hz both RxS1 and RxS2 
could carry valid data. Figure 7 shows the timing 
diagram. 

The time-slot TXO1 is dedicated to RAM coefficient 


18/48 


(Tx03) 


reading. The RAM coefficient is selected by ad- 
dress bits (RAO to RA1) in the TxCtrl word (see 
Table 4). Reading is initiated by the rising edge of 
a Start bit Stb (bit D14 in Table 3) in the TxCtrl word. 
The time-slot TxI3 is dedicated to the RxCtrl word 
or the EYE-PATTERN, selected in the TxCtrl (see 
table 5). 


Table 2 
STATUS WORD IN Tx01 TIME SLOT 


Note 1 : The RxS1 sample precedes the RxS2 sample. 
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IV - SERIAL INTERFACE OPERATION (continued) 


Figure 7 : Serial Channel Timing. Single Port Mode 


IV.3 - COEFFICIENT LOADING MODE 


The Coefficient Loading Mode is selected by the 
Mode Select bit (MS) in the TxCtrl Word (Table 3). 
When the MS bit is a logic "1" the loading mode is 
selected. The IIR RAMS (RAM1 to RAMS) are 
selected in the TxCtrl word by two address bits 
(RAO to RA1). Each coefficient RAM stores 38 
coefficients of 13 bits. Therefore the size of the 
coefficient RAM is 38 x 16 bits. The first frame 
transfers 2 coefficients and the 12 following frames 


Figure 8 : Coefficient Loading Mode 


RxCtrl or 
Eye-pattern 


(Tx03) 


each transfer 3 coefficients into the selected RAM, 
as shown in Figure 8. The transfer is initiated by 
the rising edge of the Start bit coefficient Stb which 
is loaded into the TxCtrl word. When the coefficient 
loading mode is selected all data path are fixed to 
zero. 


Notes : 1. Coefficient loading is the same for both dual and single 
interface modes. 
2. In coefficient loading mode , the EYE-PATTERN (time 
slot TxI3) (and the RxCtrl in a single serial interface) 
cannot be accessed 
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IV - SERIAL INTERFACE OPERATION (continued) 


IV.4 - COEFFICIENT READING 


Coefficient reading is selected in DATA mode only, 
i.e. when the Mode Select bit (MS) in the TxCtrl 
word is tied to logical 0. The IIR RAMS (RAM1 to 
RAMS) are selected in the TxCtrl word by two 
address bits (RAO to RA1). The 38 coeficients of 
13 bits are available, one per frame, in the timeslot 
TxO1 on the output Tx port A (see Figures 6, 7). 
The reading is available on the rising edge of the 
Start bit Stb loaded into the TxCtrl word. The first 
coefficient is output with one frame of delay on 
TxO1. 


IV.5 - CRYSTAL SELECTION (XTAL10, XTAL11) 


For application needing different or higher symbol 
rates, the user can software select different master 
clock frequencies for the ST 7544. Two XTAL inputs 
are provided for this purpose. The active XTAL 
input is selected in the time slot Txl1 with the Quartz 
Select bit (QS). It is mandatory to shortcircuit the 
XTAL10 and XTAL11 inputs when a single external 
crystal or clock generator is used. 


IV.6 - FRAME FREQUENCY PROGRAMMING 


When using the nominal master clock frequency, 
the frame frequency can be from 7200Hz to 
16000Hz (see Tables 15 and 32). Whenever the 
frame frequency Fsx (Fsr) is modified, the data to 
the ST 7544 during that frame should be high in the 
time slots Txl1 (Rxl1), Txl2 (Rxl2) and TxI3 (RxI3). 
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This is because the BCLKX (BCLKR) during that 
frame may not be correct. Therefore, whenever the 
Fsx (Fsr) is changed the user has to send informa- 
tion to the ST7544 after one frame delay. 


IV.7 - INITIALIZATION AND LOW-POWER 
RESET MODE 


Internal power-on circuitry automatically resets the 
DPLL, the clock generator counters, and initializes 
the internal control registers. The clocks affected 
are the symbol clock, the bit clock and the sampling 
clock. The initial status of these registers is given 
in the PROGRAMMABLE FUNCTIONS section. 
The transmit attenuator is initialized to an infinite 
attenuation mode (see Table 24) to avoid the trans- 
mission of undesirable signals on the phone line. 


During hardware low power reset (NLPR pin is tied 
to GND), the input of the inverter (across the crys- 
tal) will be high (DVpp), the DPLLs and the clock 
generator counters are initialized, all the analog 
circuitry is placed in low-power mode and the XTAL 
oscillator is stopped. 


Access to the circuit is disabled during reset until 
the clock oscillator starts. The duration of the reset 
time can be increased by connecting the NLPR 
input to an external RC timeconstant as indicated 
in Figure 9. 


In normal operation the NLPR input is used to 
control the LowPower mode. When NLPR is not 
used, it must be tied to Vpp. 
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IV - SERIAL INTERFACE OPERATION (continued) 
Figure 9 : Power-on Initialization Circuitry 
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V - CIRCUIT PROGRAMMING 


This section defines the control and status words required to program the ST7544. 
The circuit configuration is managed by the control words TxCtrl and RxCtrl and the SSIM, BFRS inputs. 
The control words contain three fields : 
- Mode Field 3 bits (D15-D13) | mode control bit 
- Address Field 5 bits (D12-D8) 2 bits for Coeff Ram address 
3 bits for Control Registers address 
- Data Field 8 bits (D7-D0O) Control Registers content 


V.1 - MODE FIELD 
Table 3 : Mode Field 


pe [bis | Dis [Seectmode C“*‘“S*S*S*S‘“‘“SCSCSCS~SCS~S 

Pen emesis ee ee | 

To | - | - [Data Mode and Control egisteraccess mode ——SSSCSC~S~S~S~S~S 

[4 [== Goetfcent Loading Mode and Fifer Data Memory Reset) SSCS 
ah 


Start bit for Coefficient Loading or Reading. The loading is initiated by a rising edge, i.e. a 
logical one programmed after a logical zero. 


= {| - | 1 | xTALtoSelected (IN) 
p= f= fof xTaLti Selected 


INI : initial value 


V.2 - ADDRESS FIELD 
V.2.1 - RAM Address Field 


Table 4 : RAM Address Field 


TxCtri Word 


as el eae Se ee ROMO a 
SO Bie i OL te Bee RAM Ares 
eae (ae a a a ee ae 
ee ie a ee ee ee ree 
a a Ea ie ee a ee 
poe te Pe Et at  NotaMaccess 


INI: initial value 


V.2.2 - Transmit Control Register Address Field 
Table 5 : Transmit Control Register Address Field 


re ee eee 
ae a 


= 

A 
a 
a 
eae. GNSS SMR SR IN SON OCGA 
[eve Patem on 8 


Notes: 1. Areset is generated when programming any Tx registers, this reset is synchronous with the falling edge of the Tx symbol clock. 
2. No register access for the non-specified code 
3. In single interface mode only 
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V - CIRCUIT PROGRAMMING (continued) 


V.2.3 - Receive Control Register Address Field 
Table 6 : Receive Control Register Address Field 


Register Name RxCtrl Word (3) 


Note 1 bis | pi4 | p13 | p12 | b11 | Dio | be | be 
ee ee ee ee 
rr ee ee ee ee ee ee ee 


Rea, Oe ee ee 
ease a oe OE ce Se eee re | 
oe ee a OB ee I ee 
rs ees ee ee oe ee ee a 


Notes: 1. A reset is generated when programming the RxCRO and RxCR1 registers, this reset is synchronous with the falling edge of the 
Rx symbol clock. 


2. In single interface mode, the RxCtrl registers cannot be programmed during the coefficient loading mode (see Figures 7 and 8). 
3. No register access for the non-specified code 


V.3 - CONTROL REGISTER DATA FIELD 
V.3.1 - Transmit Control Register Programming 


Table 7 : Transmit Control Register Programming 


Register| Data | Programmed Function 
a = 0 
| TxcRo | No | At | RO | St | so | 72 | Tt | TO |TxBitrateclockgenerator 


TxCR1 Q1 U2 | Ui |} UO BS | Tx Sampling, Baud and HS clock generators; Band 
Split configuration. 


[eae aa Eas LTX | LC | SST VF Bae Attenuator, TxClock Synchronization, V.Fast 
Bee mode, Divider by 12/11 Bit clock 
basal tail ia VO HQi | HQO | TsO | DL | Tx Sampling (used with TxCR1), FCOMP and 
FSHIFT frequen cy programming HALF-INTEGER 
Q DIVIDER (used with TxCR1), Test configuration 


V.3.2 - Receive Control Register Programming 
Table 8 : Receive Control Register Programming 


Register| Data Programmed Function 
| | 7 | be | 5 | 4 | os [ oz] or {oof 
| RxcRo | No | 1 | RO | Si | So | T2 | Ti | TO |RxBitrateclockgenerator 


RxCRi1 Q1 U2 | U1 UO ECK | Rx Sampling, Baud and HS clock generators, Baud 
and HS clock Enable 


RxCR3 | V2 | Vi VO | EMX} R2 HQ1 | HQO | Rx Sampling (used with RxCr1), FCOMP or 
TxRCLK output enable HALF-INTEGER Q 
DIVIDER (used with RxCR1), Divider by 12/11 Bit 
clock, Test configuration 
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V - CIRCUIT PROGRAMMING (continued) 


V.3.3 - Control Bit Function Summary 
V.3.3.1 - TxCTRL WORD 
Table 9 : TxCTRL Word, Programmed Function 


[Table [| Bit. | ~~—~—~~S~S*«érogrammed Function. SSCS 
442,134 | NO (| Nise SCSC—“‘“‘SCS*SSCSCSCSCSCS 
BERL ROR Divisor rank: 12/14, 109, 8/7, 66, 46,1.) SSS 
[81,80 | S$ Divisorrank:1,3,5,7. 
[271,707 Divisor rank: 4, 8, 16, 92, 64, 128,056,512. ~—~=~*~“‘~*‘*S 


N :3, 4. 
i ; ; , 8/7, 6/5, 4/3, 1. (1) 
| MO | Mii 23, 4. 

PT 4,0 | QDivisorrank:5,6,7,8 

: 
internally tied to IIR3 Filter Input.) 

T 
LC 
S ° * in * 
VF izati 
2 : ivi 
F , 

W 


R 
AT1,ATO 
V2,V1,V0 


F divisor rank 


Looe | FSHIFT frequency : Fsx or Fsx / 2 (Related to frequency capture range of the 


TxDPLL as FQ-FSHIFT < FAVERAGE < FQ + FSHIFT) 


Ts0,HQ1, HQO | HALF-INTEGER Q DIVIDER (used with TxCR1 Q bit). Test Functions. Must be 
set to logical 0 for normal operation 


Test Loop 


Note 1 : The R2 bit is found in the TxCR2 register Table 23 


S TXDPLL reset on the next falling edge of the synchronization signal. SST is 
automatically reset after its action is completed 


9) 
X 
T 


V.3.3.2 - RxCTRL WORD 
Table 10 : RxCTRL Word, Programmed Function 


Rx DPLL Phase Shift magnitude : One 128*Fsx period. This bit is reset after phase shift 
completion. 


R divisor rank : +4 on R1, RO divisor rank. HALF-INTEGER Q DIVIDER (used with 
RxCRi1 Q bit) 


Note 1 : The R2 bit is found in the RxCR3 register Table 41 
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VI - PROGRAMMABLE FUNCTIONS 
VI.1 - TRANSMIT SECTION 


The different transmit (Tx) clocks are obtained by 
frequency division in several counters (see Fig- 
ure 10). 


Note 1 : TxPCLK is an internal Processing Clock 
used by the three IIR filters 


Note 2 : The phase of internal clock FCOMP will 
be compared to the synchronization signal (Ta- 
ble 22) in order to control TxDPLL (see Tables 22, 
25 and 26). In VFast synchronization mode 
FCOMP is automatically set to 2400/F Hz if the 
crystal frequency is equal to 36.864MHz or 
25.8048MHz and if the bit rate clock is multiple of 
2400Hz chosen from the Table. In 7543 mode V 
divisor must be chosen such that the FCOMP 
frequency is an integral sub-multiple of the syn- 
chronization frequency. In the latter case the most 


Figure 10 : Transmit Clock Generator 
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typical frequency for FCOMP is the baud rate fre- 
quency. 

During each period of FCOMP the average input 
frequency of the transmit clock generator can be : 


FQ , FQ + FSHIFT or FQ - FSHIFT 
with FSHIFT = Fsx or Fsx/2 


Note 3 : In 7543 mode the bit rate frequency must 
always be an integer multiple of the baud rate 
frequency for the transmit DPLL to lock onto the 
synchronization signal. 

Note 4 : The Transmit clock system (without the 
TXHSCLK) is reset on next falling edge of the 
TxRCLK transmit baud clock when any Tx register 
is accessed. 


Note 5 : The X divisor is programed automatically 
with the R, S and T bit. 


TxRCLK EOCMODE 


OSmode 


MUX 2 TO 1 


Txrclk = Fsx/U 


Fsx 


FSHIFT (internal) FCOMP 


Txsync (internal) 


MUX 2 TO 1 


Txclk = FQ/((N x RxS xT x 16) 
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VI - PROGRAMMABLE FUNCTIONS (continued) 


VI.1.1 - Transmit Bit Rate Clock Frequency Programming with Master Clock Frequency FQ=36.864MHz 
Table 11 : Transmit Bit Rate Clock Frequency Programming with Master Clock Frequency FQ=36.864MHz 


TxCRO Register 
| D7 | De | ds | D4 | D3 | b2 | Di | Do | Divisor (FQ = 36.864MHz) 

Rea 2 ess (SRO S| 80) te mn |< oe. es sae ANS 
pee ie Ae te OP ce ee ls OSI 20s I I 2 oe =e eOO ya 
eee We te Ne OC 0 NO 0 1280 Jk BOBO et 
| i {of oft {| of of Oo | oO ftasoxiait| 26400 
(oe (cP Te aD ee 
pt tf +t {| of] 1 {| o | of Oo | oO | 1280x43 |  te00 
Os 52H Nid 0S EO Oh ae ee P= S200IN 
fey Ooi eat SO IC Oe IO. te AOeOxe/ ee) = en PICCOO ne 
pO b= te Syntace = 280 as 10000) 5s 
Da a De Fe ee ee 
(aa TG <a i (ee | 
po | tft at fa fof of} tf} of 3840 | lO 
Le RE VA a a Sa 
ae ae ie a Ta a DS ee ee 
CE ae ad He De a 
Pes a ia Fo Fe ae ee 
FE ceculics ae el NOe cet 3) Ose | ait 2 ev eaneOe [2s a OOS 
psccedes He tt =] i A Oe iad 800 
a ae De a ee 
Notes: 1. To use the 12/11 and the 10/9 divisor the R2 bit in the TxCR2 register (bit DO) must be set to 1. In all other case the R2 bit must 


be set to 0. 
2. In VFAST synchronization mode the FCOMP frequency will be equal to the bit clock, as for all combinatson of the bit NO, R1, S1, 
SO, T2 - TO not specified in the Table 11, 12 and 13. ; 


VI.1.2 - Transmit Bit Rate Clock Frequency Programming with Master clock Frequency FQ=25.8048MHz 


Table 12 : Transmit Bit Rate Clock Frequency Programmingwith Master Clock Frequency FQ=25.8048MHz 


TxCRO Register Bit Rate Clock Frequency (Hz) 
| D7 | De | DS | D4 | 03 | (FQ = 25.8048MHz) 


Txclk = FO/(N*R*S*T*16) (1) 


16800 
16000 (2) 


1200 


Notes : 1. The bit R2 in the TxCR2 register (bit DO) must be set to 0. 


2. In VFAST synchronization mode the FCOMP frequency will be equal to the bit clock, as for all combinaison of the bit NO, R1, S1, 
SO, T2 - TO not specified in the Table 11, 12 and 13. 
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VI - PROGRAMMABLE FUNCTIONS (continued) 


VI.1.3 - Transmit Bit Rate Clock Frequency Programming with Master Clock Frequency FQ=18.432MHz 
Table 13 : Transmit Bit Rate Clock Frequency Programming with Master Clock Frequency FQ=18.432MHz 


Txclk= 
FQ/(N*R*S*T*16) (1) 


300 
INI: initial value 
Notes: 1. The bit R2 in the TxCR2 register (bit D0) must be set to 0. 


2. In VFAST synchronization mode the FCOMP frequency will be equal to the bit clock, as for all combinaison of the bit NO, R1, S1, 
SO, T2 - TO not specified in the Table 11, 12 and 13. 


VI.1.4 - Transmit Bit Clock Frequency Programming. Divisor Rank 
Table 14 : Transmit Bit Clock Frequency Programming. Divisor Rank 


: Bit Rate Clock Frequency(Hz) 
TxCRO Register Txelk = FQ/(N*R*S*T*1 6) 


| 07 | De | Ds | D4 | 03 | D2 | Di 


12/11 (with R2 = 1) (1) 
10/9 (with R2 = 1) (1) 
8/7 (with R2 = 0) (1) 
6/5 (with R2 = 0) (1) 
4/3 (with R2 = 0) (1) 


ae al 
se aael 
| 32 


p64 4 


4 
16 
32 
64 


INI : initial value 


Note: 1. Touse the 12/11 and 10/9 divider the R2 bit in the TxCR2 register (bit D0) must be set to 1. In all other case the R2 bit must be set 
to 0. 
27/48 
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VI - PROGRAMMABLE FUNCTIONS (continued) 


VI.1.5 - Transmit Sampling Clock Frequency Programming with Master Clock Frequency FQ=36.864MHz 
Table 15 : Transmit Sampling Clock Frequency Programming with Master Clock Frequency FQ=36.864MHz 


| Mand? | ¥ | Mx(vorayratio | prsauchoyttiy | Y°tane ns | w | Sahat 
[600 ae axed SCdYC 
6006 986009600 
[42006 ax 720060 a 
[4200 a 960060 
SS 
24007 as ago tes idee 
[2560 es | ts36000 [60 *Y |e 
areas 3a as? pte | 
[—~g009 a t6000 te 


INI : initial value 


VI.1.6 - Transmit Sampling Clock Frequency Programming with Master Clock Frequency FQ=25.8048MHz 
Table 16 : Transmit Sampling Clock Frequency Programming with Master Clock Frequency FQ=25.8048MHz 


(baud) Frequency(Hz) ratio range 


VI.1.7 - Transmit Sampling Clock Frequency Programming with Master Clock Frequency FQ=18.432MHz 
Table 17 : Transmit Sampling Clock Frequency Programming with Master Clock Frequency FQ=18.432MHz 


(baud) Frequency (Hz) ratio range 
| tooo | 5 | xe T8000 —=— =| tT EN 
| tooo | |x| ss— <=$e ft TE 


2400 (INI) 1.95E-4 
2400 9600 2.60E-4 


INI : initial value 
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VI - PROGRAMMABLE FUNCTIONS (continued) . 
VIII.1.8. Transmit Sampling Clock Frequency Programming. Divisor Rank 
Table 18 : Transmit Sampling Clock Frequency Programming. Divisor Rank 


Sampling Clock frequency 
Fsx = FQ/(MxQxV) (1) 


Q (2) 
5 (INI) (4.5) 


INI : initial value 
Notes: 1. The V divider is programmed in the TxCR3 register. 
2. To use the fractional Q divider bits HQ1 and HQ0 in Table 27 must be set to "1" (otherwise they are set to "0"). 
VIll.1.9. Transmit Baud Rate Frequency Programming. Divisor Rank 
Table 19 : Transmit Baud Rate Frequency Programming. Divisor Rank 


TxCR1 Register pave ede cy 


16 


INI : initial value 


Vill.1.10. Highest Synchronous Transmit Frequency Programming. Divisor Rank 
Table 20 : Highest Synchronous Transmit Frequency Programming. Divisor Rank 


Highest Synchronous Transmit Frequency 
Txhsclk=FQ/P 


INL: initial value 


Vill.1.11. Band Split Mode 
Table 21 : Band Split Mode 


INI: initial value 
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VI - PROGRAMMABLE FUNCTIONS (continued) 


V1.1.12 - Transmit Synchronization Signal Programming 
Table 22 : Transmit Synchronization Signal Programming 


TxCR2 Register Tx DPLL Clock 


or ee Sreverzaton 

AT1_| ATO | LTX SST fa VE Re 

ee ee ae Re ec ee ea ee 

ae Sa (Re ae eae a ee ae ee ee: 2) ee 

i 
Synchronization Signal (1) (2) 

Pee pe po Pe f= | = | __No Synchronization (IN) 


INI : initial value 
Notes: 1. If D4 = 1, the TxDPLL will be locked to the synchronization signal. Otherwise, the Tx DPLL will be free-running. 
2. The SST bit is automatically reset after its action is completed. 


VI.1.13 - Clock Mode Programming & R2 Divisor 
Table 23 : Clock Mode Programming & R2 Divisor 


Ean 206 5] .Be | D4] OS. D2. DY DO eee ee ee ee 


7543 synchronization Mode (INI) 


BS PP OC ae 
Eee 2 ee ee ee ee ee 

(ea a Oe ee ee ee ee V.Fast synchronization Mode 

P= t= | - f - ft - t - | - f et seeTablei4-R2=0(IN) 


INI: initial value 


V1.1.14 - Transmit Attenuator Programming 
Table 24 : Transmit Attenuator Programming 


TxCR2 Register Transmit Attenuator 


| b7 | ds | 05 | D4 | bs | b2 | bi | Do Attenuation (4B) 


po fe Infinite (IN) 
a a rr eee a 
ee hee elena oak cee et tee 


INI: initial value 


VI.1.15 - Phase Comparator Frequency and Decimation & Interpolation Ratio 
Table 25 : Phase Comparator Frequency And Decimation & Interpolation Ratio 


Tx Phase Comparator Frequency 
TxCR3 Register FCOMP = Txrclk / F or 2400 / F (2) 
and V Divisor rank 


| 07 | D6 | D5 | D4 | o3 | b2 | bi | DO | FCOMP | Oversampling ratio _| 
Fa WR a a a as Se eee es ee 
Fe a HE a ee ee eee eee 
Fe fe eS a ee (a (ee ee, ee eee 
So Rs a a (a a ee (eee 
a a Fe ie Ee ee a ee eee 2 ee 
ae le Meee fe ee eg ra nae I el 
aa PS a Ge (Re (ee eee ee. 
Eat eee ee Re a ee eee 1 


INI: initial value 
Notes : 1. The performance is not guaranteed with this oversampling ratio. 
2. FCOMP is depending of the synchronization mode (normal or VFAST). 


kyg, S2octereawes 
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VI - PROGRAMMABLE FUNCTIONS (continued) 


VI.1.16 - Phase Shift Frequency 
Table 26 : Phase Shift Frequency 


| 7 | De | Ds | D4 | D3 | b2 | D1 | DO | __ (Averageupdated master clock frequency) _| 

ee a ee eee UNI FOE Fane) 
[ee ee ee Fsx (FQ + Fsx) 

INI : initial value 


Note 1 : The W bit selects the phase shift frequency of the TxDPLL, and hence the capture range (see Figure 9) 


VI.1.17 - Transmit Test Programming 
Table 27 : Transmit Test Programming 


Por [oe [os [oo fo lmi[olol SS 
ve [vi [vo | w [Hor] Hooft [ om [OCS 
To Po of 0 | Normal ode in) 
PS A OS 
Trt ntoal use ony) 
ee a A Ge UM Test (Intemal use only 


Test 2 (Internal use only) 


INI: initial value 


Notes : 1. To perform the digital loop test, the single serial interface and band split modes should be selected, the signal at TxDO pin should 
be looped into the RxDi pin, and the Fsx should be equal to the Fsr. Under these conditions, the A/DC input will appear at the output 
on the D/AC. This test ts useful to verify the performance of the ADC, DAC and IIR filters. 

2. Test pin EQCMODE must be set to "0" in this configuration. 
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VI - PROGRAMMABLE FUNCTIONS (continued) 


VI.2 - RECEIVE SECTION 


The different Receive (Rx) clocks are derived from 
the master clock (FQ) using the dividers shown in 
Figure 11. 

The counters of the Rx clock system (without the 
RxHSCLK) are reset when powering on the 
ST7544 and when the NLPR input level is low. 


Figure 11 : Receive Clock Generator 


pL RxICLK RxSYNC 
a a a 


FQ 
Up to 38MHz 


Coarse 
Phase 


Phase Shift 
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They can also be reset, under software control, on 
the next falling edge of the RxRCLK receive baud 
rate clock when the RxCRO or RxCR1 register are 
accessed : this feature is used to fix the phase of 
the bit rate clock with respect to the baud rate clock, 
e.g. after each modification of the bit or baud rate 
value. 


RxRCLK 


Q %V 
or 192 


OSmode J 


Rxoclk Rxrclk = Fsx/U 


Rxsync 


Rxclk = FQN xRxSx Tx 16) 


OMSON 


IT S65 THOM>ON 
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VI - PROGRAMMABLE FUNCTIONS (continued) 


VI.2.1 - Receive Bit Rate Clock Frequency Programming with Master Clock Frequency FQ=36.864MHz 
Table 28 : Receive Bit Rate Clock Frequency Programming with Master Clock Frequency FQ=36.864MHz 


Vor [bs [os [bs] os [ pe | Di | DO | Divisorrank (FO = 36,864MH2) 
CNo At [Ro [st | so | | 11 | To | 
ropi1}+1}of1fPolol1| we |  x0o@ 
FO 
a OT 
Ba, 0) to 0 oe ow) case i eo 
Papa oe a po fo fo | 0 | aeons [8600 
Popa p+ pro fo po] 1 190 | 19200 qn 
Topo fotrpoe fo lo | 1 | ieee [16800 
0a | oe a 
i 


pO i Wet A Oe Fe ili sO | A O720— PO 
po | + ti | t+ fof] tf i | of 6440 |” 
a aT ea a ee 
INI : initial value 


Notes: 1. To use the 12/11 and the 10/9 divisor the R2 bit in the TxCR2 register (bit DO) must be set to 1. In all other case the R2 bit must 
be set to 0. 


2. In VFAST synchronization mode the FCOMP frequency will be equal to the bit clock, as for all combinaison of the bit NO, R1, S1, 
SO, T2 - TO not specified in the Table 11, 12 and 13. 


VI.2.2 - Receive Bit Rate Clock Frequency Programming with Master Clock Frequency FQ=25.8048MHz 
Table 29 : Receive Bit Rate Clock Frequency Programming with Master Clock Frequency FQ=25.8048MHz 


pr [be [bs [ba] ps | pe | Di [DO | Diisorrank | (FO= 25 8048MHz) 
ROCA RESIS | acl FERRARIS Cn 
Popipiy1[1),o)]o|o | wae [i901 
a To | tasaer | t6800 
To [0 | taaa'es | —=t6000(@) SS 
Papa pat pr pt po fo fo | ime 1400 
a 


Po fof tf ata fof of 1 | Bese | 8000) 
| 3584 | 7200S 


300 


Notes: 1. The bit R2 tn the TxCR2 register (bit DO) must be set to 0. 
2. In VFAST synchronization mode the FCOMP frequency will be equal to the bit clock, as for all combinaison of the bit NO, R1, S1, 
SO, T2 - TO not specified in the Table 11, 12 and 13. 
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VI - PROGRAMMABLE FUNCTIONS (continued) 


V1.2.3 - Receive Bit Rate Clock Frequency Programming with Master Clock Frequency FQ=18.432MHz 
Table 30 : Receive Bit Rate Clock Frequency Programming With Master Clock Frequency FQ=18.4382MHz 


| D7 | De | D5 | D4 | D3 | D2 | D1 | DO | Divisorrank (FQ = 18.432MHz) 

eS 
fe 0 30 i SOW cal | Oi) Oa 58000 nm heer OOO Oe = a 
FR Ss a (ea «a WR a F< ee (se 
(aR: Gee Fe ie UD Re = (2 
(EE (Ra a a a ee 
Pot ita ftoti1f{ofoft a | se | 6000) 
fee tls ss eh Os 2 Or a Oe A200 <= OD es 
PR Teed CV DR WR Vc (a er ee 2 ee 
of af af i fo fo foo ft} i920 | _9600 (IN) 
a ae | o | i | o | 2304) | 0002) 


INI : initial value 


Notes: 1. The bit R2 in the TxCR2 register (bit DO) must be set to 0. 
2. In VFAST synchronization mode the FCOMP frequency will be equal to the bit clock, as for all combinaison of the bit NO, R1, S1, 
SO, T2 - TO not specified in the Table 11, 12 and 13. 


VI.2.4 - Receive Bit Rate Clock Frequency Programming. Divisor Rank 


Table 31 : Receive Bit Rate Clock Frequency Programming. Divisor Rank 


‘ Bit rate clock frequenc 
RxCRO Register Rxclk=FOKN*R'S*T'1 6 


pe [bs [be [ps [oe [pr | pO | ——«Cvisorrank SSCS 
[aA | 5 
Ce Tl SR 
I ERE a NN eA 
er R= 


8/7 (with R2 = 5 ( 
6/5 (with R2 = 0) (1) 
4/3 ( with R2 = 0) (1) 


| NO | 
Or 
ced 
Peed 
Lest 
pee 
ae 
ee 
ae 
| 


a Ta a ae TA Re 
fe eal), ee PO ee ae Ne We he ae 
a es Ra a a ee ee eee eee 


INI : initial value 


Note: 1. Touse the 12/11 and the 10/9 divider register the bit R2 in the RxCR3 register (bit D3) must be set to 1 either in all other case R2 
must be set to 0 
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VI - PROGRAMMABLE FUNCTIONS (continued) 


VI.2.5 - Receive Sampling Clock Frequency Programming with Master Clock Frequency FQ=36.864MHz 
Table 32 : Receive Sampling Clock Frequency Programming with Master Clock Frequency FQ=36.864MHz 


Symbol Rate (baud) | us Mx Y or M x Q ratio Sampling Frequency (Hz) V OverSampling ratio 
| 00 es] | ts 


1 4x8 7200 160 
| oo | | 9600 
1200 ae re ae 7200 


eee | een (ee ee ee (ee, «,  ( (- 
PCO a Oe se Oe ce OO ae ee ne IO 
Ps CAO = 5) ts 8) Rh OO 
fa MOO GA AON | 


| GO| |S 8536000 | 8 
P8200 | eT tO | 


INI: initial value 


VI.2.6 - Receive Sampling Clock Frequency Programming with Master Clock Frequency FQ=25.8048MHz 
Table 33 : Receive Sampling Clock Frequency Programming with Master Clock Frequency FQ=25.8048MHz 


| Symbol Rate(baud) | U_ | Mx(YorQ) | Samplingratio | V OverSampling Frequency (Hz) _| 
Ree, SOMOD SS 30000 8 ee NO ee | 


V1.2.7 - Receive Sampling Clock Frequency Programming with Master Clock Frequency FQ=18.432MHz 
Table 34 : Receive Sampling Clock Frequency Programming with Master Clock Frequency FQ=18.432MHz 


| Symbol Rate(baud) | U | = MxQ___| Samplingratio |  V OverSampling Frequency (Hz) _| 
| ten | | xs | 0 PB 


INI : initial value 
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VI - PROGRAMMABLE FUNCTIONS (continued) 


VI.2.8 - Receive Sampling Clock Frequency Programming. Divisor Rank 
Table 35 : Receive Sampling Clock Frequency Programming. Divisor Rank 


RxCR1 Register 


Sampling Clock frequency 
Fsr=FO(M x Q x V) (1) 


Divisor rank 


s 
N 
E 
oO 
E 
aN 
8 
Ww 
8 
ine) 
E 


~—— 


© 
& 


ft 


INI 


~~ 


5 (INI) (4.5) 
6 (5.5) 
7 (6.5) 
8 (7.5) 


INI : initial value 
Notes: 1. The V divider is programmed in the RxCR3 Register 
2. To use the fractional divider bits HQ1 and HQ0 in Table 41 must be set to "1" (otherwise they are set to "0"). 


VI.2.9 - Receive Baud Rate Frequency Programming. Divisor Rank 
Table 36 : Receive Baud Rate Frequency Programming. Divisor Rank 


RxCR1 Register 


Baud rate frequency 
Rxrclk = Fsr/U 


Divisor Rank 


3 (INI) 


—~ |} a 
— 
m 
.@) 
mt a mf a pa ee OK 
— 
om, 
—* 
a} oe] oo 


INI : initial value 

Note: 1. ECKbitis used to enable the RXRCLK and RxHSCLK outputs (as well as TxRCLK and TxHSCLK clock outputs) when set at logical 1. 
The baud rate clock must be programmed to its correct value even though the corresponding output pin is disabled (ECK = 0). 

VI.2.10 - Highest Synchronous Transmit Bit Frequency Programming. Divisor Rank 

Table 37 : Highest Synchronous Transmit Bit Frequency Programming. Divisor Rank 


, Highest Synchronous Receive frequency 
RxCR1 Register Rxhsclk=FQ/PO 


Pb DZ | D6: | Divisor Rank 


INI: initial value 


Note: 1. ECKbitis used to enable the RXRCLK and RxHSCLK outputs (as well as TxRCLK and TxHSCLK clock outputs) when set at logical 1. 
The baud rate clock must be programmed to Its correct value even though the corresponding output pin is disabled (ECK = 0). 
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VI - PROGRAMMABLE FUNCTIONS (continued) 


VI.2.11 - Receive Fine Phase Shift Programming 
Table 38 : Receive Fine Phase Shift Programming 


RxCR2 Register Receive Fine Phase Shift Programming 


Por [be [es [oe [os [oe] ory oof Aaionon a sy 
ro fofofolo. 


pope pe pepe Teme 


As above but lead instead of lag i: e. addition of 
Master-Clock pulses) 


INI : initial value 
Note 1 : Available only with an internal Q divider. To shift one oversampling period, the chip must know the Q divider value currently used 


VI.2.12 - Receive Coarse Phase Shift Programming 
Table 39 : Receive Coarse Phase Shift Programming 


Number of Master Clock 
Pulses Suppressed 


No Phase Shift (INI) 


2048 


INI : initial value 
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VI - PROGRAMMABLE FUNCTIONS (continued) 


V1.2.13 - Interpolation Ratio 
Table 40 : Interpolation Ratio 


J INTERPOLATION RATIO 
RxCR3 Register Divisor value 


Cor [oe [os | or [oe | be] | 
0 tO ee 


rete te ae 


INI : initial value 

Note 1 : The performances are not garanted with this oversampling ratio. 
VI.2.14 - Receive Test Programming & R2 Divisor 
Table 41 : Receive Test Programming And R2 Divisor 


RxCR3 Register 
| p7 | be | bs | pa {| os | b2 | or | bo} 
| v2 | vi | vo [emx] pea | = | Hot] Hoo} 
fe ee eS ee eae eee Normal Mode (INI) 


ee es eS ee ee ee 
TRC output on THARCLK pin (NI) 
i a Oe 
PAL NTEGER 0 DIVIDER (ee Table 35) 


INI : initial value 
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Vil - ELECTRICAL SPECIFICATIONS 


Unless otherwise noted, electrical characteristics are specified over the operating range. Typical values 
are given for Vpp = +5V , Tamb = 25°C and for nominal crystal frequency FQ = 36.864MHz. 


Vil.1 - ABSOLUTE MAXIMUM RATINGS (referenced to GND) 
Table 42 : Absolute Maximum Ratings 


Symbol |_Unit_| 
DC Supply voltage -0.3 to 7.0 
Vi 

li, 


Digital or analog input voltage - 0.3, Vop +0.3 


Digital or analog input current 
[fo | Distal output current 
Analog output curent 


Operating temperature range 
Storage temperature range (plastic) - 40, + 125 
[Ponax | Maximum power dissipation 


Vil.2 - DC CHARACTERISTICS 
Vop = 5.0 V+ 5%, GND = 0 V, Ta =0 to +70 °C (unless otherwise specified) 


Vil.2.1 - Power Supply and Common Mode Voltage 
Table 43 : Power Supply And Common Mode Voltage 


| Symbol | Parameter |S Min. | Typ. | Max. | Unit 

Le Supply current FQ = 18.432MHz ee eee 
FQ = 36.864MHz 52 mA 

“Too tP | Supply curentiniowpowermode—SSSSSSCSC~sS=CiSY ml 


Vil.2.2 - Digital Interface 
All digital pins except XTAL pins. 
Table 44 : Digital Interface 


| Symbol | Parameter | Min. | Typ, | Max. | Unit 
[Wa [towLevelinputVotage—SCSC‘“‘*‘“~*S*S*~“‘“‘~*~srC Cw 
[Win [High Level input Voltage —SC=“‘“‘*S*S*S*‘“‘*‘“~*S*S*~“‘“‘“~sC 
|_| Input Current Vi = Voo or Vi= GND +1 | +10 
High Level Output Voltage (lLoap = -2mA) co ee ee oe 
| Vo.___| LowLevelOutput Voltage (hoan=2maA) | 
[tw [input Capacitance CSCSC“~‘“~*~*~‘“itCS*idC 


VII.2.3 - Crystal Oscillator Interface (XTAL10,XTAL11) 
Table 45 : Crystal Oscillator Interface 


Low Level Input Current (GND < V; < Vi_max) 
IH High Level Input Current (Vinmin < Vi < Vpp) 
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Vil - ELECTRICAL SPECIFICATIONS (continued) 


VII.2.4 - Analog Interface 
Table 46 : Analog Interface 


Differential Reference Voltage Output = Vrerp-VREFN 
Tempco (Vrer) | Vrer Temperature Coefficient | | 200 | | ppm/°C 


2 


Differential Input Voltage : RxA1-RxA2 <= 2*Vrer 
ere Input DC Offset Voltage : RxA1 = RxA2 = Vem (1 err nt Bo eet otoes Rett = Bee ent) | 
cae ee 


Differential Output Voltage : TxA1-TxA2 <= ore 
ed 
ec RE a 

input Resistance PRAT. AXAZ——SSSSCS*~*~iC*OSSCd;SCSC 


—-— Output Resistance TxA1,TxA2 20 Q 
EYEX, EYEY 50 Q 


Load Resistance TXA1, TxA2 10 
EYEX, EYEY | 


CL Load Capacitance TxA1,TxA2 50 
EYEX, EYEY 30 


Note 1 : Input DC offset can be cancelled by high-pass filtering in IIR2 filter 


Vcmo IN Input Common Mode Offset Voltage = 
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Vil - ELECTRICAL SPECIFICATIONS (continued) 


VII.3 - AC ELECTRICAL SPECIFICATIONS (Vpp = 5.0 V + 5%, Ta = 0 to +70 °C) 
Output Load = 50 pF, Reference levels : Vit = 0.8 V, Vin = 2.2 V, VoL = 0.4 V, VoH = 2.4 V 


VII.3.1 - Serial Channel Timing 
Table 47 : Serial Channel Timing 


TNumber | —=SSSSSSPavameter—SSSCS~*~*~dCSN | Ty | Maes | Ut 
1 (BOR BOLKAPecd —OC“‘CSCOS*~‘“*‘“CSCS*drC CC 
[2 [BOL BOLKR With low SSS tts is 
[3 [BOLKX, BCLKRWieth High SSCS tts Ps 
[4 [BLK BCLKR Rise Time SSS 
[5 | BCLKX,BCLKRFalTime ——S—~—~—SYSSS* 
[6 | FSX, FSRtOBCLKX, BOLKRSetup ——SSCS~sSH 
[7 | FSX, FSR IO BCLKX, BCLKRHold ———SSSCSC~S~S~S to P| Sd 
[8 [TDI PDI to BOLI, BOLKRSetup——SSSCS~S~i 
[9 [TDi PDI to BCLKX, BCLKR Hod —SSCSC~S~“—~s Cds 
[40 BCLKX, BCLER High to TxDO, FDO Vaid ——OSCSCSC~S~sSSSi | gs 
P41 [ BCLKX, BCLKR To TxDO, RxDOWiz——SSCS~S~S~isSSi gs 


Figure 12 : Serial Channel Timming 


BCLKX 
(BCLKR) 
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Vill - TRANSMIT CHARACTERISTICS 


VIll.1 - TEST CONDITIONS 


The Tx characteristics depend on the transfer function of the transmit filter. The indicated performance is 
measured when IIR1 filter implements the 8th order low-pass transfer function (including sinx/x correction) 
shown in Figure 13. This is achieved by loading the coefficients given in table 48. 

The frequency response in Figure 13 includes the gain of 72.25dB in front of the biquad 1 (see Figure A1) 


Figure 13 : Filter Transfer Function (Sampling frequency = 48000Hz, Fsx = 9600Hz, Sample of group delay = 1/5 x Fsx) 
Frequency respense 0 Hz to 10000 Hz Cosfficients: 11 bits nlus sign 


i y y Croup Delay (Sasples} 
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E 1 4 +*\ 4 i ' t { 1 
$4 ca | 7 Oy er ie de Sa soe 9G ee eee ee eee Sem 
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FY ! oe ae ’ 1 i 1 i 
iF { 2 ‘ 2 q t H t } 
-68 came Soatad = 426 9 a Se 
q 1 t 43 tt r t H ? i i 
SAGs cos eI cs aS a od Fe cov kes ae er See eee aaa 
! : 2 al t| 1 5 ie a, t 1 
2 1 t ' 
-168 ra Sa Teme canta! at Pas, ee De or oe 
1 of H ? ry 
ea 


wl 
mh 
| 
ak 
! 
| 
5 
+9 
| 
~-f--b-4e- 
{ 
| 
{ 
Pe i ene 
| 
] 
{ 
i 
| 
an inet 
— 
: | 
l 
| 
| 
ee 


oe Pe 


egies 1 Pritt ieee eae 


Table 48 : Interpolator Filter Coefficients 


|1 {00000000 | 9 | 0000,ca08 | 17 | 4c98,5070 | 25 | a000,a000 | __33 | 0750,0858 | 
| 6 | 0000,b708 | 14 | d330,cbé8 | 22 | 5690,59d0 | 30__| a000,a000 | __38__| 0008,0008 | 
| 7 | 0000,42b0 | 15 | a000,a000 | 23 | 21182808 | 31 | a910adfo | - | - 
| 8 | 0000118 | 16 | b118,b268 | 24 | 4f80,dd90 6120,5338 | - | = 


Filter coefficients (HEX FORMAT) for Fsx equal to 7200 and 9600Hz respectively 


VIII.2 - PERFORMANCE OF THE Tx CHAIN (from IIR1 filter input to (TxA1-TxA2) output) 


Typical values are given for Vpp = +5V , Tamb = 25°C and for nominal crystal frequency FQ = 36.864MHz. 
Measurement band = DC to 3.4kHz - Tx DPLL free running. 


Table 49 : Performance of the Tx chain 


Symbol | Parameter | «Min | Typ | Max 


Absolute gain at 1kHz | -0.5 {| 0 | 05 | dB 
THD Total harmonic distortion Fsx = 7200Hz -89 dB 
(differential Tx signal : Vout = 2.5Vpp, f = 1kHz) Fsx = 9600Hz -89 dB 
Dynamic range (1) (f = 1kKHz, OverSampling ratio 160) = Fsx = 7200Hz 91 dB 
Fsx = 9600Hz 92 dB 


PSRR_ | Power supply rejection ratio (f = 1kHz, Vac = 200mVpp) | | 50 | ‘| oB | 
Crosstalk (transmit channel to receive channel) | | 95 | BO 


Note 1 : Measured over the full 0 to Fsx/2 with a -10dBr input and extrapolated to fullscale 


VII.3 - SMOOTHING FILTER TRANSFER CHARACTERISTICS 
The cut-off frequency of the single pole switch-capacitor low-pass filter following the DAC (Figure 1) is: 
fc-3dB= 128*Fsx/(2*nx*10) or fc-3dB= 160*Fsx/(2*n*10) 
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IX - RECEIVE CHARACTERISTICS 
IX.1 - TEST CONDITIONS 


The Rx characteristics depend on the transfer function of the receive filter. The indicated performance is 
measured when IIR2 filter implements the 6th order band-pass transfer function shown in Figure 14. This 
is achieved by loading the coefficients given in Table 50. 


Figure 14: Filter Transfer Function (Sampling frequency = 48000Hz, Fsx = 9600Hz, Sample of group delay = 1/5 x Fsx) 
Frequency response 0 Hz to 10000 Hz Coefficients: {1 hits plus sign 
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Table 50 : Decimator Filter Coefficients 


[1 [000.0000 8 | 0000,e000 | 17 | 4d90,4250 |_25 | a000,a000| 33 _| 0d38,0618_ 
-—2_-0090,0000 |_10__{_2090,0000_|_18_{ 2566,2600 | 268 _{ abéo.beb0 | 34 | 000,1896_ 
| 3 | a000,a000 | _11__| b2c0,bf38 | 19 | dib0cat8 | 27 | 5a40,4e88 | 35 | a000,a000 | 
[4 [000,000 | 12 [59984188 | 20 | 2000,2000 | 28 | 09b8,23c8 | __36 | 0000,0000 | 
[5 | 0000,0000 | 13 | 12080188 | 21 | bife,o748 | 29 | 2c30,0620 | 37 | 0000,0000_ 
| 6 | 00000000 | 14 | 4c80,e000 | 22 | 4668,47a8 | __30__| a000,a000 | 38 __| _0008,0008 | 


| 7 | 0000,0000 | _15 | a000,0000 | 23 | 1408,1b98 | __31__ | a088,b470 | - 
8 | 20783208 | 16 | a5e0,b8e0 | 24 | de78,co80 | 32 | 6aso54e8 | - | - | 


Filter coefficients (HEX FORMAT) for Fsx equal to 7200 AND 9600Hz respectively 


IX.2 - PERFORMANCE OF THE Rx CHAIN (from (RxA1-RxA2) input to IIR2 filter output) 


Typical values are given for Vop = +5V , Tamb = 25°C and for nominal crystal frequency FQ=36.864MHz. 
Measurement band = DC to 3.4kHz - Tx DPLL free running. 


Table 51: Performance of the Rx chain 


Symbol |_____—Parameter Ty Me Bit 
| 0.5 | 


THD Total harmonic distortion Fsx = 7200 Hz a oa 
(differential Tx signal : Vout = 2.5 vpp, f = 1kKHz) Fsx = 9600 Hz -89 dB 

Dynamic range (1) f = 1kKHz, OverSampling ratio 160 Fsx = 7200 Hz 94 dB 

Fsx = 9600 Hz 92 dB 


PSRR_ | Power supply rejection ratio (f = 1kHz, Vac = 200mVep) | 50 | | dB | 
Crosstalk (receive channel to transmit channel) +2} 


Note 1 : Measured over the full 0 to Fsx/2 with a -10dBr input and extrapolated to fullscale 
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X - TYPICAL APPLICATIONS 


X.1 - MULTI-STANDARD MODEM WITH ECHO CANCELLING 
Figure 15 : Multistandard Modem with Echo Cancelling Capability 
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X.2 - LINE INTERFACE 
Figure 16 : Differential Duplexer 


5 


THA 


Serial ST7543 Analog 


Interfaces UNMAFE Signals 


— Fra 


Modem Clocks 


7544-17 EPS 


i i 


io Pa 
5 = 


RxA2| | 


ASH 
—< 


C : Improves the low frequency response. 
Its value depends on the transformer inductance. 
C'. Reduces the DC offset gain. 
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ZO : Nominal line impedance 
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X - TYPICAL APPLICATIONS (continued) 


X.3 - COMMON MODE VOLTAGE GENERATION AND DECOUPLING 
Figure 17 : Voltage Decoupling 
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X.4 - CRYSTAL OSCILLATOR 
Figure 18 : External Components for Crystal Oscillator 
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X.5 - EXAMPLE OF PROGRAMMABLE EXTERNAL HALF-INTEGER DIVIDER 
Figure 19 : Programmable Divider by 4.5, 5.5, 6.5, 7.5, 8 
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Xl - ANNEXE A 
X1.1 - IR FILTER OPERATION 


Each IIR filtering section included in the ST7544 
can perform up to seven biquadratic transfer func- 
tions in cascade, operating at four times the sam- 
pling frequency (see Figure A1). 

Each biquad is defined by five coefficients, A, B, C, 
D and E (see Figure A2). An additional coefficient 
,F, scales the IIR filter output. 


Unused biquads are made transparent by pro- 
gramming A to one and the four remaining coeffi- 
cients to zero. Such biquads should preferably be 
located in the first sections of the IIR filter in order 
to reduce the calculation noise. 


XI.1.1 - Coefficient Rounding 


Initially, coefficients of the filter to be implemented 
must be exclusively between +2 and -2. To derive 
the actual usable 12+1 bit coefficients, the rounding 
process described in Figure A3 must be performed. 
Each 13 bit coefficient K is split into its doubling 
factor K2, and its 12 bit basic value K1, as the IIR 
architecture works with 12 bit coefficients and uses 
an extra accumulation when coefficient doubling is 
needed. 
K2 © [0,1] and -2"* <K1< +2" 

The coefficients are loaded into the different IIR 
filters through 16 bit wide time slots. The format to 
be used is as follows : 


To programme one IIR filter it is necessary to send 
Figure A1 : IIR Filter Diagram 


five words per biquad followed by two additional 
words set to zero and the F coefficient word : 
B(1), C(1), A(1), D(1), E(1), B(2),..., E(7), 0000n, 
0000n, F 

The total number of words sent is therefore 38. 


X1.1.2 - Detailed Operation 


The architecture of the device supporting the IIR 
filter is based on 28 bit data path. The basic function 
is as follows: one coefficient K(N) is multipled by 
one sample X(N) followed by one accumulation 
with value clampling. It can be precisely described 
as follows : 


FUNCTION PAC K(N), X(N), S 
LOCAL P 
P = TRUNC (K1(N) x X(N)/2!”) 
S=S+P 
IF ABS(S) > 2°” THEN 
IF SIGN(S) > 0 THEN CLAMP S TO 227-1 
ELSE CLAMP S TO 2°” 


IF K2(N) = 1 THENS=S+P 
IF ABS(S) > 227 THEN 
IF SIGN(S) > 0 THEN CLAMP S TO 22’-1 
ELSE CLAMP S TO 2°’ 


END OF FUNCTION 

The TRUNC function is a two’s complement trun- 
cature. 

As previously mentionned, the second accumula- 
tion is controlled by the doubling factor K2(N). 
The complete process of computing 16 bit output 
samples (Vout) from 16 bit input samples (Vin) 
appears in Figure A4. 


BIQUAD#1 


Vour (1) 


BIQUAD#2 


Vour (2) 


BIQUAD#7 


Vin (1) Vin. (2) Vin (7) Vour (7) 


Coefficients : A(1), B(1),..., E(1) A(2), B(2),..., E(2) A(7), B(7),.... E(7) 
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XI - ANNEXE A (continued) 
Figure A2 : BIQUAD Structure 


Equation Set: 


Vo(N) = B(N) x Vi(N) + C(N) x Vo(N) + A(N) x Vin(N) N= BIQUAD NUMBER (1:7) 
Vout(N) = Vo(N) + D(N) x Vi(N) + E(N) x Vo(N) 


Next Step with : Vo(N) = Vi(N) 


Vi(N) = Vo(N) 


Figure A3 : IIR Coefficients Rounding 


STARTING COEFFICIENT k(N) 
(-2 < k(N) < +2) 


K2(N) = 0 
K1(N) = ROUND (2048*K(N)) 


K2=0Oor 1 Ki =1 


K=A, B, C, D, EorF 


K2(N) = 1 
K1(N) = ROUND (1024*k(N)) 


2-Bit Word 
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XI - ANNEXE A (continued) 
Figure A4 : IIR Operating Sequence 
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Vin STORAGE IN 28-BIT FORMAT 


FIRST BIQUAD 


ACCUMULATOR RESET 


RECURSIVE COEFFICIENTS 


VO(N) STORED INTO T 


DIRECT COEFFICIENTS 


STATE VARIABLES UP-DATING 
FOR THE NEXT COMPUTATION 


Vour (N) STORED 
INTO T 


NEXT BIQUAD 


OUTPUT SCALING COEFFIECIENT 


IIR OUTPUT SAMPLE 
STORED INTO T 


IIR OUTPUT SAMPLE LOADED INTO 
Voy AFTER 16-BIT SATURATION 
(NEW OUTPUT SAMPLE) 


NEW INPUT SAMPLE 
T = 800,, » 4 V IN 


PAC BIN), V, (N),S 
PAC C(N), Vo (N),S 
PAC A(N), T, S 


e 


Vo (N) = Vy (N) 
V, (N) = Temp 


Yes 
S=0 
PAC F,T,S 
Vour =T 


IF GREATER THAN 16-BIT THEN CLAMPED 
TO 7FFF,, OR 8000 ,, 
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SIMPLIFIED V.34 ANALOG FRONT END 


2 GENERAL-PURPOSE SIGNAL PROCESSING 
ANALOG FRONT END (AFE) 

TARGETED FOR V.34 MODEM AND BUSI- 
NESS AUDIO APPLICATIONS 

= 16-BIT OVERSAMPLING XA A/D AND D/A 
CONVERTERS 

= 80dB SIGNAL-TO-(NOISE+DISTORTION) RA- 
TIO FOR SAMPLING FREQUENCY (FS) UP 
TO 22.5kHz @5V 

= MAX SAMPLING FREQUENCY : 45kHz 

= PROGRAMMABLE ADC AND DAC OVER- 

SAMPLING FREQUENCIES. OVERSAM- 

PLING FREQUENCY = N x 32 x FS, N = 2, 3, 

4, 5, 6. THE OVERSAMPLING FREQUENCY 

CAN BE FROM 0.5MHz TO 2.88MHz 

FILTER BANDWIDTHS : 0.425 x THE SAM- 

PLING FREQUENCY 

® ON-CHIP REFERENCE VOLTAGE 

= DIFFERENTIAL OUTPUT WITH PROGRAM- 
MABLE ATTENUATION : O0dB, 6dB OR INFI- 
NITE 

=e TWO SETS OF DIFFERENTIAL INPUTS 

WITH PROGRAMMABLE GAINS OF 0dB AND 

6dB 

16-BIT SYNCHRONOUS SERIAL INTERFACE 

WHOSE OPERATION IS EITHER HARD- 

WARE OR SOFTWARE CONTROLLABLE 

= SINGLE POWER SUPPLY RANGE : 5V +5% 
OR DOUBLE POWER SUPPLY : +3.3 TO 5V 
+5% DIGITAL PART ; 5.0V +5% ANALOG 
PART 

» LOW POWER CONSUMPTION : 100mW OP- 
ERATING POWER AT THE NOMINAL FRE- 
QUENCY OF 1.536MHz AND 5.0V SINGLE 
SUPPLY (70mW @ 3.3V). LESS THAN 50nW 
IN THE LOW POWER MODE WHEN THE 
MCLK NOT RUNNING 

5 0.8m CMOS PROCESS 

= TQFP44 AND PLCC28 PACKAGES 


DESCRIPTION 


The ST7546 is a high-resolution analog-to-digital 
and digital-to-analog converter targeted for V.34 
modem and consumer audio applications. 


May 1995 


This is advance information on a new product now tn development or undergoing evaluation Details are subject to change without notice 


PRELIMINARY DATA 


This device has a 16-bit oversampling ADC and 
DAC, filters and control logic for the serial interface. 
The oversampling frequencies for the ADC and 
DAC are user programmable. 


The device operation is controlled by reading the 
16-bit information control register. 


The major functions of the ST7546 are : 

- To convert the audio-signal to 16-bit 2’s comple- 
ment data format through the ADC channel. 

- To communicate with an external digital signal 
processor via serial interface logic. 

- To convert 16-bit 2’s complement data from a 
digital signal processor to an audio signal through 
the DAC channel. 


The ST7546 consists of two signal-processing 
channels, an ADC channel anda DAC channel, and 
the associated digital control. The two channels 
operate synchronously so that the transmitted data 
to the DAC channel and received data from the 
ADC channel occur during the same time interval. 
The data transfer is in 2s complement format. 


To save power, e.g. in lap-top modem applications, 
the low-power reset mode can be used to reduce 
the power consumption to less than imW. 


PLCC28 
(Plastic Package) 


TQFP44 
(Plastic Quad Flat Package) 
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PIN CONNECTIONS 
ST7546 Top View (PLCC28) 
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ST7546 Top View (TQFP44) 
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PIN LIST 


Description 
f Name [Peeper PLCC28 | TQFP44 


oe ee 
| ors | 6 | 4 | © |FrameSynchronization Output 
| Dv | 7 | 5 | 1 | Positive Digital Power Supply (+3.15Vto5.25V) 
penn [8 | 6 | 1 [DigtalGround(v) SSCS 
ver | 9 | 7 | © | Voltage Control (should be tied to ground througha {MQ resistor) | 
p vez [10 | 8 | 0 | Voltage Control (should be tied o ground through a 47nF capacitor) 
Pwctk [11 [9 | |_| Master Clock Input (equal tothe ADC and DAC oversampling frequency) _ 
| Her | 12 | 14 | 1 [Hardware Controlinput 
P_ Hoo | 13 | 18 | 1 [Hardware Contotingut——SSSSSSC—~—~—SCS 
PPWROWN| 14 | 16 | 1 | Powerdown input SSCS 
| tsta_ | 15 | 17 | © |AnalogOutputReservedforTest 
| Vacre | 16 | 18 | O | 16-bitDACand ADC Positive Reference Voltage 
| Vrcew | 17 | 19 [| © | 16-bitDACand ADC Negative Reference Voltage 
| AGNDR | 18 | 20 | | |AnalogGroundOV) 
AUXIN [19 | 25 | 1 | Nonlnverting input to Auxiliary Analog Input 
| AUXIN- | 20 | 26 | |_| Inverting Inputto Auxiliary Analog input 
| 21 | 27 | 1 | Noninverting input to Analog Input Amplifier 
“a ee 
| AVo | 23 | 2 | 1 Positive Analog Power Supply (5V +5%) 
| Vom | 24 | 30 | O| Common Mode Voltage Output (AVpp/2 +5%) 
| AGNDT | 25 | 31 | | |AnalogGround@Vv) 
[outs | 26 | 36 | O | Noninvering Smoothing Fiter Output 
| our. | 27 | 87_| O | inverting Smoothing FilterOutput, 
[RESET | 28 | 38 | |_| Reset Function to Iniaize the Internal Counters 
| Tsroe | 1 | 39 | 1 | DigitalinputReservedforTest 
| Ts: | 2 | 40 | © |DigitalOutputReservedforTest 
a ae 
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PIN DESCRIPTION 


1 - POWER SUPPLY (5 pins) 
1.1 - Analog Vpp Supply (AVpp) 


This pin is the positive analog power supply voltage 
(4.75V to 5.25V) for the DAC and the ADC section. 
It is not internally connected to digital Vpp sup- 
ply (DVpp). 

In any case the voltage on this pin must be higher 
or equal to the voltage of the Digital power sup- 
ply (DVpp). 


1.2 - Digital Vpp Supply (DVpp) 
This pin is the positive digital power supply for DAC 
and ADC digital internal circuitry. 


1.3 - Analog Ground (AGNDT, AGNDR) 


These pins are the ground return of the analog DAC 
(ADC) section. 


1.4 - Digital Ground (DGND) 


This pin is the ground for DAC and ADC internal 

digital circuitry. 

Notes : 1. To obtain published performance, the analog Vpp and 
Digital Vop should be decoupled with respect to Analog 
Ground and Digital Ground, respectively. The decoupling 
is intended to isolate digital noise from the analog 
section ; decoupling capacitors should be as close as 
possible to the respective analog and digital supply pins. 


2. Allthe ground pins must be tied together. In the following 
section, the ground and supply pins are referred to as 
GND and Vop, respectively. 


2 - HOST INTERFACE (8 pins) 
2.1 - Data In (Din) 


In Data Mode, the data word is the input of the DAC 
channel. In Control Mode, the data word is followed 
by the control register word. 


2.2 - Data Out (DouT) 


In Data Mode, the data word is the ADC conversion 
result. In Control Mode, the data word is followed 
by the register read. 


2.3 - Frame Synchronization (FS) 


The frame synchronization signal is used to indicate 
that the device is ready to send and receive data. 
The data transfer begins on the falling edge of the 
frame-sync signal. The frame-sync is generated 
internally and goes low on the rising edge of SCLK. 


2.4 - Serial Bit Clock (SCLK) 


Clocks the digital data into Din and out of Dout 
during the frame synchronization interval. The Se- 
rial bit clock is generated internally and equal to the 
Master clock signal frequency. 


4/14 


2.5 - Reset Function (RESET) 


The reset function is to initialize the internal count- 
ers and control register. A minimum low pulse of 
100ns is required to reset the chip. This reset 
function initiates the serial data communications. 
The reset function will initialize all the registers to 
their default value and will put the device in a 
pre-programmed state. After a low-going pulse on 
RESET, the device registers will be initialized to 
provide an over-sampling ratio equal to 160, the 
serial interface will be in data mode, the DAC 
attenuation will be set to infinite, the ADC gain will 
be set to OdB, the Differential input mode on the 
ADC converter will be selected, and the multiplexor 
will be set on the main inputs IN+ and IN-. After a 
reset condition, the first frame synchronization cor- 
responds to the primary channel. 


2.6 - Power Down (PWRDWN) 


The Power-Down input powers down the entire 
chip (<50uW). When PWRDWN pin is taken low, 
the device powers down such that the existing 
internally programmed state is maintained. When 
PWRDWN is driven high, full operation resumes 
after 1ms. 


If the PWRDWN input is not used, it should be tied 
to Vpp. 


2./ - Hardware Control (HCO, HC1) 


These two pins are used for Hardware/Software 
Control of the device. The data on HCO and HC1 
will be latched on to the device on the rising edge 
of the Frame Synchronization Pulse. If these two 
pins are low, Software Control Mode is selected. 
When in Software Control Mode, the LSB of the 
16-bit word will select the Data Mode (LSB = 0) or 
the Control Mode (LSB = 1). Other combinations of 
HCO/HC1 are for Hardware Control. These inputs 
should be tied low if not used. 


3 - CLOCK SIGNALS (3 pins) 
3.1 - Master Clock (MCLK) 


Master clock input. This signal is the oversampling 
clock of the D/A and A/D convertor. It also provides 
all the clocks of the serial interface. This input may 
be driven by a CMOS signal with a frequency from 
0.5MHz up to 2.88MHz (maximum). 


3.2 - Voltage Control (VC1, VC2) 


The voltage control output from the internal PLL. 
The VC2 should be tied to ground through a capaci- 
tor and the VC1 should be tied to ground through a 
resistor. 
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PIN DESCRIPTION (continued) 


4 - ANALOG INTERFACE (9 pins) 
4.1.- DAC and ADC Positive Reference 
Voltage Output (Vrerp) 


This pin provides the Positive Reference Voltage 
used by the 16-bit converters. The reference volt- 
age, Vrer, is the voltage difference between the 
Vrerp and Vreen outputs, and its nominal value is 
2.5V. Vrerp should be externally decoupled with 
respect to Vc. 


4.2 - DAC and ADC Negative Reference 
Voltage Output (VreFn) 


This pin provides the Negative Reference Voltage 
used by the 16-bit converters, and should be exter- 
nally decoupled with respect to Vcm. 


4.3 - Common Mode Voltage Output (Vcm) 


This output pin is the common mode voltage 
(AVpp - AGND)/2. This output must be decoupled 
with respect to GND. 


4.4 - Non-inverting Smoothing Filter 
Output (OUT+) 


This pin is the non-inverting output of the fully 
differential analog smoothing filter. 


4.5 - Inverting Smoothing Filter Output (OUT-) 


This pin is the inverting output of the fully differential 
analog smoothing filter. Outputs OUT+ and OUT- 
provide analog signals with maximum peak to peak 
amplitude 2 x VReF, and must be followed by an 
external two pole smoothing filter. The external filter 
follows the internal single pole switch capacitor 
filter. The cutoff frequency of the external filter must 
be greater than two times the sampling frequency 
(FS), so that the combined frequency response of 
both the internal and external filters is flat in the 
passband . The attenuator of the last output stage 
can be programmed to OdB, 6cB or infinite. 


ST7546 


4.6 - Non-inverting Analog Input (IN+) 
This pin is the differential non-inverting ADC input. 


4.7 - Inverting Analog Input (IN-) 


This pin is the differential inverting ADC input. 
These analog inputs (IN+, IN-) are presented to the 
Sigma-Delta modulator via a multiplexer. The ana- 
log input peak to peak differential signal range must 
be less than 2 x Vrer, and must be preceded by an 
external single pole anti-aliasing filter. The cut-off 
frequency of the filter must be lower than one half 
the over-sampling frequency (MCLK). These filters 
should be set as close as possible to the IN+ and 
IN- pins. The gain of the first stage is OdB and can 
be programmed to 6dB in differential hardware 
configuration. 


4.8 - Non-inverting Auxiliary Analog 
Input (AUX IN+) 


This pin is the differential non-inverting auxiliary ADC 
input. The characteristics are same as the IN+ input. 


4.9 - Inverting Auxiliary Analog Input (AUX IN-) 


This pin is the differential inverting auxiliary ADC 
input. The characteristics are same as the IN- input. 
The input pair (IN+/IN- or AUX IN+/AUX IN-) are 
software selectable. 


5 - TEST (3 pins) 
5.1 - Test Outputs (TSTD1) 
Digital output reserved for test. Can be left open. 


5.2 - Test Input (TSTD2) 


Digital input reserved for test.Should be connected 
to GND. 


5.3 - Analog Test Output (TSTA) 
Analog output reserved for test. Can be left open. 
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FUNCTIONAL DESCRIPTION 


1 - TRANSMIT D/A SECTION 


The functions included in the Tx D/A section are 
detailed hereafter. 


16-bit 2’s complement data format is used in the 
DAC channel. 


1.1 - Transmit Low Pass Filters 

The transmit low pass filter is basically an interpo- 
lating filter. It is a combination of Finite Impulse 
Response filter (FIR) and an Infinite Impulse Re- 
sponse filter (IIR). 

The digital signal from the serial interface gets interpo- 
lated by 2, 3, 4, 5 or 6 x Sampling Frequency (FS) 
through the IIR filter. The signal is further interpolated 
by 32 x FS x n (with n equal to 2, 3, 4, 5, 6) through the 
IIR and FIR filter. The low pass filter is followed by the 
DAC. The DAC is oversampled at 64, 96, 128, 160, 
192 x FS. The oversampling ratio is user selectable. 


1.2 - D/A Converter 


The oversampled D/A converter includes a second 
order digital noise shaper, a one bit D/A converter 
and a single pole analog low-pass filter. 


The gain of the last output stage can be pro- 
grammed to OdB, -6dB or infinite attenuation. The 
cut-off frequency of the single pole switch-capacitor 
low-pass filter is : 
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MCLK 


HCO HC1 


Low-Pass 
(0.425 x Sampling 
Frequency) 


Register 


Low-Pass 
(0 425 x Sampling 
Frequency) 


2nd Order 
Modulator 


RESET PWRDWN DVpp DGND 


MCLK 
2-m-10 
with MCLK = Master Clock frequency. 


Continuous-time filtering of the analog differential 
output is necessary using an off-chip amplifier and 
a few external passive components. 


At least 86dB signal to noise plus distortion ratio can 
be obtained in the frequency band of 0.425 x 9.6kHz 
(with an oversampling ratio equal to 160). 


fc_34B = 


2 - RECEIVE A/D SECTION 


The different functions included in the ADC channel 
section are described below. 16-bit 2’s complement 
data format is used in the ADC. 


2.1 - A/D Converter 


The oversampled A/D converter is based on a 
second order sigma-delta modulator. To produce 
excellent common-mode rejection of unwanted sig- 
nals, the analog signal is processed differentially 
until it is converted to digital data. Single-ended 
mode can also be used. The ADC is oversampled 
at 64, 96, 128, 160 or 192 x FS. The oversampling 
ratio is user selectable. At least -86dB SNDR can 
be expected in the 0.425 x 9.6kHz bandwidth with 
a -6dBr differential input signal and an oversam- 
pling ratio equal to 160. 
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FUNCTIONAL DESCRIPTION (continued) 


2.2 - Receive Low Pass Filter 


It is a decimation filter. The decimation is performed 
by two decimation digital filters : one decimation 
FIR filter and one decimation IIR filter. 


The purpose of the FIR filter is to decimate 32 times 
the digital signal coming from the ADC modulator. 


The IIR is a cascade of 5 biquads. It provides the 
low-pass filtering needed to remove the noise re- 
maining above half the sampling frequency. The 
output of the IIR will be processed by the DSP. 


3 - Clock Generator 


The master clock, MCLK is provided by the user. The 
ADC and DAC are oversampled at the MCLK fre- 
quency. MCLK is equal to the shift clock used in the 
serial interface. The MCLK frequency should be : 

MCLK = Oversampling ratio x Sampling frequency 


The clock generator provides, via an internal PLL, 
the clocks needed for the computation in the digital 
section. The MCLK clock is used by the PLL for the 
clock reference. 


4 - Host Interface 


The Host interface consist of the shift clock, the 
frame synchronization signal, the ADC-channel 
data output, and the DAC-channel data input. 


The ST 7546 internally generates the shift clock and 
frame-sync signal for the serial communication. 
These signals are derived from the input master 
clock (MCLK). Two modes of serial transfer are 
available. The first is the software mode for 15-bit 


Figure 1 : Data Mode 


ST7546 


transmit data transfer and 16-bit receive data trans- 
fer, and the second is the hardware mode for 16-bit 
data transfer. Both modes are selected by the Hard- 
ware Control pins (HCO, HC1). 


The data to the device, input/output are MSB-first 
in 2’s complement format (see Table 1). 


Table 1 : Mode Selection 


HC1 ' HCO Selected mode 


Software mode Data/control through the 
LSB of the 16-bit word. LSB = 0 for data 
and LSB = 1 for control. At the end of the 
Secondary Frame Synchronization the 
device automatically returns to data mode. 


Hardware mode for data transfer only. The 
16-bit data word is input to the DAC. The 
16-bit data word output is the ADC 
conversion result (operation equivalent to 
the software mode with LSB = 0). 


Hardware mode for device programming 
and control register read. Operation 
equivalent to the Software mode with 
LSB =1 16-bit data is written to or read 
from the device during Primary Frame 
Synchronization. During the Secondary 
Frame Synchronization, the 16-bit control 
information is input to the device and the 
16-bit data word output is the Register 
read data. 


When Control Mode is selected, the device will 
internally generate an additional Frame Synchroni- 
zation Pulse (Secondary Frame Synchronization 
Pulse) at the midpoint of the original Frame Period. 
The Original Frame Synchronization Pulse will also 
be referred to as the Primary Frame Synchroniza- 
tion Pulse. 


Sampling period 


FS J. 
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FUNCTIONAL DESCRIPTION (continued) 
Figure 2 : Mixed Mode = 


1/2 Sampling Period 


Sampling Period 


FS l i n 


SCLK 


TxDI — Data Word Input Control Word 


TxDO 


Data Word Output 


Register Word 


HC1, HCO o1 


5 - Control Register 


This section defines the control and device status 
information. The register programming occurs only 
during Secondary Frame Synchronization. After a 
reset condition, the device is always in data mode. 


Table 2 


/Bits| Symbol | Function 
AUX/MAIN | Auxiliary / Main receive input 


| 6 | ATO | Attenuatortransmitbito 


ie ede ee 
[8 | PURH | YoGBR ce lcwheterence high) 


Table 3 : Auxiliary/Main Input (AUX/MAIN) 


Main receive input 
Auxiliary receive input 
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Table 4 : Single-ended/Differential Inputs 
(SING/DIFF) 


b2| Function 
PO. | Differential input : +OdBr gain 


4 | Single-ended input : OdBr gain 
Differential input : +6dBr gain 


Note : OdBr = 2 x Vrer peak-to-peak signal. 


Table 5 : Oversampling Ratio 


Bs | p4|p3 | Function 
a a 
paO i Or yea deer. — an crear 
| 0 | 1 | 0 |Reseved 
0 | 1 | 1 | Reserved 
|i | 0 | 0 |Reseved 
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ELECTRICAL SPECIFICATIONS 


Unless otherwise noted, Electrical Characteristics are specified over the operating range. 


Typical values are given for Vpp = +5V, Tamb = 25°C and for nominal Master clock frequency 
MCLK = 1.536MHz and oversampling ratio = 160. 


ABSOLUTE MAXIMUM RATINGS (referenced to GND) 


Cant 
[ul | Biota or Analog input Curent ———SSSSCS~S~SSSSCiaSSC*d Cm 
- to | Distal Output Curent ———SSCSCSC~—S~“~S*S~S~S~SsSSCSCiaSSS~*d Cm 


Storage Temperature 
Maximum Power Dissipation 


DC CHARACTERISTICS (Vpp = 5.0V + 5%, GND = OV, Ta = 0 to 70°C unless otherwise specified) 


[symbor[——~S~Sarametor SSSS*d ins Typ | Mee | nit | 

POWER SUPPLY AND COMMON MODE VOLTAGE 

“Toon [ Analog Supply Curent ————OSSCSC—“~“‘“‘“‘“~*~*~“‘<~—tCStS*SC‘<is SS dm 
[Digital Supply Curent SSS 


Ipp-LP_ | Supply Current in Low Power Mode MCLK Stopped 10 LA 

MCLK Running 800 WA 
Vom Output Common Mode Voltage Vpp/2-5% | Vop/2 | Vpp/2+5% V 

Vcm Output Voltage Load Current (see Note 1) 


DOUBLE POWER SUPPLY (DVpp # AVpp) 
| lpoa_| Analog SupplyCurrent, 
| loop _| Digital Supply Current, mA 
Output Common Mode Voltage (see Note 1) Vpp/2-5% 


DIGITAL INTERFACE 
(Ta = 25°C, DVpp = +5V) 


ee 
Wn? (apiieeinpavees = oven = ed 
ir | input Curent Vi=VooorVizGNDSSCSCS~SsSST | 
DVee05 | [|v 
[Vou | Low Level Output Volage (iow =ima) SC 
len Winpaloseeniet ae i ee, ees 


(Ta = 25°C, DVpp = +3.3V) 


| Vu [LowLevelinputVoltage | || 
DVoo-0.5 | | | 
High Level Output Voltage (ILoan = -6001A) DVo-05{ | | vi. 
[Vou [Low Level Output Vottage (uoan = 60a) —SSSSd|SSC*T SCY STC 


Note: 1. Device is very sensitive to noise on Vem Pin Vem output voltage load current must be DC (<10pA). in order to drive dynamic load, 
Vcm must be buffered. AC variation in Vcm Current magnitude decrease A/D and D/A performance. 
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ELECTRICAL SPECIFICATIONS (continued) 


DC CHARACTERISTICS 
(Vop = 5.0V + 5%, GND = OV, Ta = 0 to 70°C unless otherwise specified) (continued) 


Se 


ANALOG INTERFACE 


Vrer with Differential Reference Voltage Output V 
AVpp =+5V_ | Vrer = (Vrerp - VREFN) 
Tempco (Vrer) | Vrer Temperature Coefficient | | 200 | ppm/°C 
V Input Common Mode Offset Voltage = -300 300 
CMON [(IN-+)+(IN-)]/2 -Vcm or [(AUX IN+)+(AUX IN-)/2 -Vom 


wen _| i {Ws }N] <2 Veer | jexvrr] | vee 
[View| Single Ended Input Voltage :IN+ orIN-<Vner ———=Ss«| «|r (| | Vb 
von _| RECs Opa enor feo) [am | ow 
Venseur Output Common Mode Voltage Offset : 200] | 200 | mv 
oo + oe Vom == Note 2) 

[Voraur | Diferental Out Voltage : OUT+-OUT-<2xVeer «| ——«dpex Veer | | OV 
| __Vorrour _| Differential Output DC Offset Voltage :(OUT+-OUT-) | 100 |_| 100 |v _— 
Fin Tnputesianos Ne, Ne G&AUXIN) oo | 
[Four | OutputResistance (OUT. 0UT) ———SCCSC=~“‘;CSC*TSC*diYSC*‘“‘éOL |] 
AE AE Lae NRE BR 

ees Ee 

| 10 | 


Pee Ob. a Load Capacitance (OUT+, OUT-) ate 
Output A/D Modulator Voltage Offset fe a 
Note: 2. Device is very sensitive to noise on Vem Pin. Vem output voltage load current must be DC (<10pA). in order to drive dynamic load, 
Vcm must be buffered. AC variation in Vcm current magnitude decrease A/D and D/A performance. 


AC ELECTRICAL CHARACTERISTICS 
(Reference level Vi_ = 0.8V, Vin = DVpp - 0.5V, Voi = 0.4V, Voo = DVpp - 0.5V, DVpp = 5V, 
Output load = 50pF unless otherwise) 


| Symbol | N°] Parameter =| Min. | Typ. | Max. | Unit 
SERIAL CHANNEL TIMING (see Figure 3 for Parameter numbers) 
|| 1 [SCiKPeriogp —“‘;‘“;SS™SC*drC HOST ts 
P| 2 | SCLKWidthtow et —“(‘“‘LC STs 
| | 8 [ SCLKWidthHigh  s—“‘“CSSC*r SSO PTs 
a ee ee 
| | S| SCLKFallTime —  t:™~C“ié‘iYSSC“(‘($S$SCSAUG(S §$N$NWXT; 100, Ts 
Pea 2th Be MES Setup oe a) Oe 
ee a OG Fe tO ee 
pT 8 | INSetup sis 
[es fonhod —CSSSCSCCCCCCCCY cf) Sid Ss | 
fe ae 0, OUT Veli ee ee OO 
fr ave ct COMO SEN UB: ne ee OO) ce pee le 


MASTER CLOCK INTERFACE (MCLK) (DVpp = +5V or +3.3V) 
Master Clock Input 
Master Clock Duty Cycle Pulse Width 


Pulse Width High 
Pulse Width Low 
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ELECTRICAL SPECIFICATIONS (continued) 
Figure 3: Serial Interface Timing Diagram 


»!8; 94 
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TRANSMIT CHARACTERISTICS 

Performance of the Tx Channel 

Typical values are given for AVpp = +5V, Tamb = 25°C and for nominal master clock MCLK = 1.536MHz, 

differential mode and oversampling ratio = 160. Measurement band = DC to 0.425 x Sampling frequency. 

| Symbol | Parameter Min. | Typ. | Max. | Unit | 

| Gabs | AbsoluteGainatikHz Cd OS | OO | OS | BY 

Ripple | Ripple in Band : 0 to 0.425 x FS +0.2 

roe [aaneae ene ionecn LT 
| THD | Total Harmonic Distortion (differential Tx signal :Vout = 2.5Vpp, f = 1kKHz) 

a Dynamic Range (f = 1kHz) (measured over the full 0 to FS/2 with a -20dBr on 5 aE 
output signal and extrapolated to full scale) (see Note 3) 

| PSRR_ | Power Supply Rejection Ratio (f=1kHz,Vac=200mVer) | S| 50 | | BC 

| CRxTx | Crosstalk (transmit channeltoreceivechannel) =| S| 90 || BC 


Smoothing Filter Transfer Characteristics 
The cut-off frequency of the single pole switch-capacitor low-pass filter following the DAC is: 
n-32-FS 


fc_3aB = oO. with n = 2, 3, 4, 5, 6. 


RECEIVE CHARACTERISTICS 
Performance of the Rx Channel 


Typical values are given for AVpp = +5V, Tamb = 25°C and for nominal master clock MCLK = 1.536MHz, 
differential mode and oversampling ratio = 160. Measurement band = DC to 0.425 x Sampling Frequency. 


[Symbol | Parameter | Min, | Typ. | Max. | Unit_ 

05 | 0 | 05 | aB | 

| Ripple | RippleinBand:0too.42sxFS | | 

| THD | Total Harmonic Distortion (differential Rx signal : Vin = 2.5Vpp, f = 1kHz) | | -89 | |B CY 

| DR Dynamic Range (f = 1kHz) (measured over the full 0 to FS/2 with a -20dBr | | oe | | ae | 
input and SxTeporsled to full iseale) (see Note 2) 

[_PSAR_| Power Supply Fejection Ratio (= tHe, Vac =2007Vee) Ft | 


CTxRx | Crosstalk (transmit channel to receive shannell 


-1. : ; 
Note: 3. The dynamic range can be measured in bit with : Noi aS with DR in dB. 
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TYPICAL APPLICATIONS 
Multi-Standard Modem with Echo Cancelling 


Figure 4 


Serial ST7546 
Interface | SAFE 


= . < RxA 
Modem Clock ] 


Line Interface - Differential Duplexor 
Figure 5 


MCU K SYSTEMBUS » 
$T18C933 CORE — TxA 
7 PER Tee ~~ Analog Signal 
Modem Data 


To Terminal 


V.24 INTERFACE 
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C : Improves the low frequency response. 

Its value depends on the transformer inductance. 
C': Reduces the DC offset gain 

ZO : Nominal line impedance 


20/2 
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TYPICAL APPLICATIONS (continued) 
Line Interface - Low-Cost Duplexor 


Figure 6 


2.2nF 


> VCM 


> VCM 
12kQ 0.1pF 


Line Interface - Low-Cost Duplexor Mono Supply 


Figure 7 


2 2nF 
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R11>=10kQ 

R10/R11 = Transmit Gain 
(2 xnxx R10 x C1) =2xFS 
R5/R2 = Receive Gain 

ZO # 6000 

R3, R4 = Duplexor Balance 
CO # 22nF 


R11>=10kQ 

R10/R11 = Transmit Gain 
W(2xmxR10xC1)=2xFS 
R5/R2 = Receive Gain 

ZO # 600Q 

R3, R4 = Duplexor Balance 
CO # 22nF 

* Rail-to-Rail op-amp 
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DEFINITION AND TERMINOLOGY 
Data Transfer Interval 


Signal Data 


Data Mode 


Control Mode 


Frame Sync. 


Frame Sync and 

Sampling Period 

ADC Channel 

DAC Channel 
OverSampling Ratio 
Resolution 

Dynamic Range 
Signal-to-(Noise+Distortion) 


Crosstalk 


Powersupply Rejection Ratio 
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The time during which data is transfered from Dout and to Din. This 
interval is 16 shift clocks provides by the chip. 

This refers to the input signal and all the converted representations 
through the ADC channel and the DAC channel. 

This refers to the data transfer. Since the device is synchronous, the 
signal data words from the ADC channel and to the DAC channel occur 
simultaneously. 

This refers to the digital control data transfer into DIN and the register 
read data from Dout. The control mode interval occurs when 
requested by hardware or software. 

Frame sync refers only to the falling edge of the signal which initiates 
the data transfer interval. The primary frame sync starts the Data Mode 
and the secondary frame sync starts the Control Mode. 

The time between falling edges of successive primary frame sync 
signals. 

This term refers to all signal processing circuits between the analog 
input and the digital conversion result at Dour. 

This term refers to all signal processing circuits between the digital 
data word applied to Din and the differential output analog signal 
available at OUT+ and OUT- pins. 

This term refer to the ratio between the master clock MCLK 
corresponding to the oversampling frequency and the sampling 
frequency FS. 

The number of bits in the input words to the DAC, and the output words 
in the ADC. 

The S/(N+D) with a 1KHz, -20dBr input signal and extrapolated to full 
scale. Use of a small input signal reduces the harmonic distortion 
components of the noise to insignificance. Units in dB or in Npit as 
explained before. 

S/(THD-+N) is the ratio of the rms of the input signal to the rms of all 
other spectral components within the measurement bandwidth 
(0.425 x Sampling Frequency). Units in dB. 

The amount of 1kHz signal present on the output of the grounded input 
channel with 1kHz OdB signal present on the other channel. Units 
in dB. 

PSSR. The amount of 1kHz signal present on the output of the 
grounded input channel with 1kKHz 200mVpp signal present on the 
power supply. 
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1-S1T7544 
I.1 - FEATURES 


» FULL ECHO CANCELLING CAPABILITY 

e FULLY COMPATIBLE WITH THE ST7543 
(7543 mode) 

= 16-BIT OVERSAMPLING A/D AND D/A CON- 

VERTERS 

- Programmable down-sampling frequency 
from 7200 to 16000Hz 

- Sampling frequency can be 3, 4, 6, 8, 12, 16 x 
Symbol rate 

- Programmable Over sampling frequency (128 
or 160 x Sampling frequency) 

- The ST7544 can work with external oversam- 
pling clocks 

- Programmable Symbol rate (600, 1200, 1600, 
2400, 2560, 2743, 2800, 2954, 3000, 3200, 
3429 and 3491) 

- Bit rates of 300 bps, 600bps, 1200 and all 
multiples of 2400 bps up to 28800 bps can be 
generated 

- Dynamic range : 92dB with a sampling fre- 
quency 9600Hz, Oversampling ratio 160 

- Total harmonic distortion : -89dB 


= ON CHIP REFERENCE VOLTAGE 
a THREE PROGRAMMABLE DIGITAL FILTERS 
SECTIONS : 
- Tx interpolation filter 
- Rx decimation filter 
Up to 14th order each 
- Rx reconstruction filter 
Coefficients loaded into RAM 


a ANCILLARY CONVERTERS FOR EYE-DIA- 
GRAM MONITORING 
BE CLOCK SYSTEM BASED ON _ DIGITAL 
PHASE LOCKED LOOPS 
- Separate Tx DPLL and Rx DPLL 
- Terminal clock input for Tx synchronization on 
all multiples of 2400Hz (V.Fast synchroniza- 
tion mode) or on sub-multiple of baud rate 
(7543 synchronization mode) 
- Bit, Baud, Sampling and Highest synchronous 
clock outputs 
- Maximum master clock frequency is 38MHz 


B SINGLE OR DUAL SYNCHRONOUS SERIAL 
INTERFACE TO DSP 
B SINGLE POWER SUPPLY VOLTAGE : +5V 
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=» LOW POWER CONSUMPTION : 
- 260mW operating power at the nominal crystal 
frequency of 36.864MHz 
- 160mW operating power at the crystal fre- 
quency of 18.432MHz 
- Less than 5mW in the LOW-POWER RESET 
MODE 


# 1.2MM CMOS PROCESS 
# 44-PIN PLCC OR 
44-PIN TPQFP (1.4mm body thickness) 


1.1 - GENERAL DESCRIPTION 


The ST7544 is a single chip Analog Front-End 
(AFE) designed to implement high speed voice- 
grade Modenis up to 28800 bps with echo cancel- 
ling capability. 

Associated with one or several Digital Signal Proc- 
essors (DSP), such as the ST189XX family, it 
provides a powerful solution for the implementation 
of multi-mode Modems meeting CCITT (V.21, 
V.22, V.22 bis, V.23, V.26, V.27, V.29, V.32,V.32 
bis and V.33) and BELL (103, 202, 212A...) recom- 
mendations. It is fully compatible with the ST7543 
in 7543 mode and is also well suited emerging 
applications involving bit rates up to 28800 bps (in 
the VFast synchronization mode). 


The transmit section includes a 16-bit over-sam- 
pling D/A converter with a programmable interpo- 
lating filter. The receive section includes a 16-bit 
oversampling A/D converter with two programma- 
ble filters (one for decimation and the other for 
reconstruction). Oversampling ratio is selectable to 
either 128 or 160. Two additional 8-bit D/A convert- 
ers allow eyediagram monitoring on a scope for 
modem performance adjustment. 


Two independant clock generator systems are pro- 
vided, one synchronized on the Tx rate and the 
other on the Rx rate. 


In External Clock Mode, external oversampling 
clocks can be provided to the chip. 


Two independant synchronous serial interfaces 
(SSI) allow several versatile ways of communicat- 
ing with standard DSPs. 


To save power, e.g. in lap-top modem applications, 
the lowpower reset mode can be used to reduce 
the power consumption to less than 5mW. 


OMSON 
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1.3 - SIGNAL TRANSFER BLOCK DIAGRAM 


The ST7544 Block Diagram (Figure 1) illustrates three paths as follows : The Transmit D/A Section, the 
Receive A/D section and the Receive Reconstruction section. 


Figure 1 


Serial/Parallel 


; 16-bit data bus synchronized to the Tx clock system 
Conversion 


Vv 


Fsx  Txoclk 


“ a 


| Rxse_| or 5 x Fsx or 5x Fsx 


Txoclk = 128 


Control or 160 x Fsx 
Logic 


FsrSync 


Analog Input Analog Output 


(Rx Signal + Echo) (Tx Signal) 
SSIM 


Serial/Parallel 
Conversion 


Req | Note : Register 16-bit data bus Tx 
Fsr Rxoclk with Tristate Output 


16-bit data bus synchronized to the Rx clock system 


Multiplexer 
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[.4 - IR FILTER OPERATION 


Each IIR filtering section included in the ST7544 
can perform up to seven biquadratic transfer func- 
tions in cascade, operating at four times the sam- 
pling frequency (see Figure 2). 

Each biquad is defined by five coefficients, A, B, C, 
D and E (see Figure 3). An additional coefficient F, 
scales the IIR filter output. 


Unused biquads are made transparent by pro- 
gramming A to one and the four remaining coeffi- 
cients to zero. Such biquads should preferably be 
located in the first sections of the IIR filter in order 
to reduce the calculation noise. 


1.4.1 - Coefficient Rounding 


words set to zero and the F coefficient word : 
B(1), C(1), A(1), D(1), E(1), B(2),..., E(7), 0000H, 
0000n, F 

The total number of words sent is therefore 38. 


1.4.2 - Detailed Operation . 


The architecture of the device supporting the IIR 
filter is based on 28 bit data path. The basic function 
is as follows: one coefficient K(N) is multipled by 
one sample X(N) followed by one accumulation 
with value clampling. It can be precisely described 
as follows : 


FUNCTION PAC K(N), X(N), S 


LOCAL P 
Initially, coefficients of the filter to be implemented P = TRUNC (K1(N) x X(N)/2!2) 
must be exclusively between +2 and -2. To derive S=S+P 


the actual usable 12+1 bit coefficients, the rounding 
process described in Figure 4 must be performed. 
Each 13 bit coefficient K is split into its doubling 
factor K2, and its 12 bit basic value K1, as the IIR 
architecture works with 12 bit coefficients and uses 


IF ABS(S) > 22” THEN 
IF SIGN(S) > 0 THEN CLAMP S TO 227-1 
ELSE CLAMP S TO 2°’ 


IF K2(N) = 1 THENS=S+P 


an extra accumulation when coefficient doubling is IF ABS(S) > 227 THEN a 
needed. IF SIGN(S) > 0 THEN CLAMP S TO 2*'-1 

K2 © [0,1] and -212 < Ki < 42" ELSE CLAMP S TO 2° 
The coefficients are loaded into the different IIR END OF FUNCTION 


filters through 16 bit wide time slots. The format to 
be used is as follows : 


To programme one IIR filter it is necessary to send 
five words per biquad followed by two additional 


Figure 2: IIR Filter Diagram 


The TRUNC function is a two’s complement trun- 
cature. 

As previously mentionned, the second accumula- 
tion is controlled by the doubling factor K2(N). 
The complete process of computing 16 bit output 
samples (Vout) from 16 bit input samples (Vin) 
appears in Figure 5. 


BIQUAD#1 


Vin (1) 


BIQUAD#2 


Vour (2) 


BIQUAD#7 


Vour (1) Vin (2) Vin (7) = Vour (7) 


Coefficients : A(1), B(1),..., E(1) A(2), B(2),..., E(2) 


7544-22 EPS 
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Figure 3 : BIQUAD Structure 


Equation Set: Vo(N) = B(N) x Vi(N) + C(N) x Va(N) + A(N) x Vin(N) 
Vout(N) = Vo(N) + D(N) x Vi(N) + E(N) x Vo(N) 


Next Step with : Vo(N) = Vi(N) 
Vi(N) = Vo(N) 


Figure 4: IIR Coefficients Rounding 


STARTING COEFFICIENT k(N) 
(-2 < k(N) < +2) 


K2(N) = 0 K2(N) = 1 
K1(N) = ROUND (2048*k(N)) K1(N) = ROUND (1024*k(N)) 


K2 =Oor 1 K1 = 12-Bit Word 


ky yf, Bioortomonies 


14+DZ'+Ez* 
1=BZ =CZ- 


Hn(Z)=A 


N = BIQUAD NUMBER (1:7) 


K=A,B, C, D, E or F 
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Figure 5 : IIR Operating Sequence 
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NEW INPUT SAMPLE 


FIRST BIQUAD 


ACCUMULATOR RESET 


RECURSIVE COEFFICIENTS 


VO(N) STORED INTO T 


DIRECT COEFFICIENTS 


STATE VARIABLES UP-DATING 
FOR THE NEXT COMPUTATION 


Vout (N) STORED 
INTO T 


NEXT BIQUAD 


OUTPUT SCALING COEFFIECIENT 


IIR OUTPUT SAMPLE 
STORED INTO T 


IR OUTPUT SAMPLE LOADED INTO 
Vout AFTER 16-BIT SATURATION 
(NEW OUTPUT SAMPLE) 


STA SGS-THOMSON 


PAC KN), V, (N), S 
PAG C(N), Vo (N), S 
PAC A(N), T, S 


PAC D(N), V, (N), S 
PAC E(N), Vo (N), S 


Vo (N) = Vy (N) 
V, (N) = Temp 


Vout = 7 
IF GREATER THAN 16-BIT THEN CLAMPED 
TO 7FFF,, OR 8000 ,, 


MICROELECTRONICS 
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1.5. - IR FILTER PROGRAMMING EXAMPLE 
1.5.1 - Example of Configuration 


- one external clock : 36.864MHz 
- serial port mode > dual 

- transmit sampling frequency : 9600Hz 

- receive sampling frequency : 9600HZ 

- bit frame clock frequency : 160*Fsx(r) 
- transmit bit clock frequency : 14400Hz 

- receive bit clock frequency : 14400Hz 


- transmit baud clock frequency : 2400Hz 
- receive baud clock frequency : 2400Hz 
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- TxDI and RxDI must be tied to Vdd while the serial 
interface is not managed by the host processor. 

- RC network on NLPR pin.Typically RC=10ms 
(R=100kQ ,C=100nF) (This time must include the 
external clock start-up time,and the ST7544 set 
up time). 

- SSIM pin tied to DVpp : dual serial port mode. 

- BFRS pin tied to DVpp : bit frame frequency set 
to 160 time Fsx(r). 


1.5.3 - Software Configuration 
Writing convention : 


- transmit filter : low-pass a b 
(spec table 48) - rame number . 
- receive filter : banp-pass FRAME x,1 frame for RAM 1 loading 
spec table 50) FRAME x,2 frame for RAM 2 loading 
- interpolation filter : low-pass FRAME x,3 frame for RAM 3 loading 
(spec table 43) +" delimits a programmer’s remark 
(comments) 
1.5.2 Hardware Configuration ’b’ indicates a binary number 
- XTAL10 and XTAL11 hard-wired to the external == indicates an hexadecimal number 
clock "XXXX’ user defined 
7/28 
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# SYNCHRONOUS SERIAL INTERFACE A 
#FRAME 0.1. Select the correct sampling frequency and set Stb bit in order to select a RAM 


B9ASh #TxI0 MS =1 coefficient loading mode selected 
# Stb=0 start bit coefficient loading activated 


# QS =1 XTAL 10 selected 

# RAi=11b no RAM accessed 

# ADi=001b TxCR1 selected 

# Di =A4h Fsx=9600Hz, Txrclk=2400Hz 
# TXHSCLK=12.288MHz 

# Band split mode inactive 
FFFFh#Txl1 

FFFFh#TxI!2 

FFFFh#TXI3 

# 


#FRAME 1.1 Select RAM 1 and start the coefficient loading of the low-pass filter,and select TxCLK 
EOF1h#TxI0 MS =1 ; 


# stb=1 

# QS =1 

# RAi=00b RAM 1 selected. 
# ADi=000b TxCRO selected. 
# Di=Fih TxCLK = 14400Hz 


FFFFh#TxI1 unused 

OO0Oh#TxI2 word 1 RAM 1 ( first IIR coefficient) 

OOOOh#TxXI3 word 2 RAM 1 

# 

FRAME 2.1 RAM 1 coeff loading,fcomp and fshift prog and Stb ready to select another RAM 
A340h #Txl0 MS =1 

stb=0 

QS =1 

RAi=00b RAM 1 selected. 

ADi=011b TxCRS selected. 

Di =40h fcomp = 2400HZ, fshift=Fsx/2 
AOOOh #Tx!I1 word 3 RAM 1 

0000h #Txl2 word 4 RAM 1 

0000h #TxI3 word 5 RAM 1 

# 

# 

#FRAME 3.1 RAM 1 coefficient loading, no control register access 
A7FFh #TxlO 

B7D8h #Txl1 word 6 RAM 1 

42B0h #Txl2 word 7 RAM 1 

0118h #TxI3 word 8 RAM 1 

# 

#FRAME 4.1 to 12.1 RAM 1 coefficient loading, no control register access 
A7FFh #Txl0 

XXXXh 

XXXXh 

XXXXh 


+H HK +H 
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#FRAME 13.1 Last RAM 1 loading frame 


A7FFh #TxlO 

0000h #TxI1 word 36 RAM 1 

0000h #Txl2 word 37 RAM 1 

0008h #TxI3 word 38 RAM 1 

# 

# 

#RAM 2 COEFFICIENT LOADING 

#FRAME 1.2 Select RAM 2 and start the coefficient loading of BP filter 
EFFFh #Txl0 MS =1 

# Stb=1 

# QS =1 

# RAi=01b RAM 2 selected 
# ADi=111b 

FFFFh #Txl1 unused 

0000h #Txl2 word 1 RAM 2 

0000h #TxI3 word 2 RAM 2 

# 

#FRAME 2.2 RAM 2 coefficient loading,no control register access and rest Stb 
AFFFh #Txl0 MS =1 

# Stb=0 

# QS =1 

# RAi=01b RAM 2 selected 
# ADi=111b 

AOO0h #TxI1 word 3 RAM 2 

0000h #Txl2 word 4 RAM 2 

0000h #TxIi3 word 5 RAM 2 

# 

#FRAME 13.2 Last RAM 2 loading frame 
A7FFh #Txl0 

0000h #Txl1 word 36 RAM 2 

0000h #Txl2 word 37 RAM 2 

0008h #TxI3 word 38 RAM 2 

# 

# 

# 


#RAM 3 COEFFICIENT LOADING 
#FRAME 1.3 select RAM 3 and start coeff loading 


F7FFh #Txl0 
# 
# 
# 
# 
FFFFh #Txl1 
0000h #TxlI2 
0000h #TxI3 
# 
# 


MS =1 

Stb=1 

QS =1 

RAi=10b RAM 3 selected 
ADi=111b 

unused 

word 1 RAM 3 

word 2 RAM 3 


AYL, SS eR ns 
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#FRAME 2.3 RAM 8 coefficient loading,no control register access and rest Stb 


# 

# 

B7FFh #Txl0 

AOOOh #Txl1 word 3 RAM 2 

0000h #Txi2 word 4 RAM 2 

0000h #TxI3 word 5 RAM 2 

# 

# 

#FRAME 3.3 to 12.3 RAM 3 coefficient loading, no control register access 

B7FFh #Txl0 

XXXXh 

XXXXh 

XXXXh 

# 

# 

#FRAME 13.3 Last RAM 3 loading frame 

B2C4h #Txl0 MS =1 

it Stb=0 

# QS =1 

# RAi=10b RAMS selected 

# ADi=010b TxCR2 selected 

# Di=C4h  OdB attenuation on XMIT channel and synchronize the TxCLK clock on 
TxRCLK 

OO00h #Tx!1 word 36 RAM 2 

0000h #TxI2 word 37 RAM 2 

0008h #TxI3 word 38 RAM 2 

# 

# 

# FRAME 14 

SFFFh #Txl0 MS =0 Data mode 

# Stb=0 ready to read ram 

# QS =1 

# RAi=11b No RAM access 

# ADi=111b No Control register access 

XXXXh #Txl1 Txsig 

XXXXh #Txl2 Ressig 

XXXXh #Txl3 — unused 

# 

# 
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# SYNCHRONOUS SERIAL INTERFACE B 
# 


#FRAME 0. Select the correct sampling frequency 


01A4h #TrlO ADi=001b RxCR1 selected 

# Di =A4h Fsr=9600Hz, Rxrcik=2400Hz 
# RxHSCLK=12.288MHz 
FFFFh #Tri1 , 

FFFFh #Trl2 

FFFFh #Trl3 

# 

#FRAME 1. Select the correct receive bit clock (RxCLK) frequency 
OOF 1h #TrlO ADi=000b RxCRO selected 

# Di =F1h RxCLK=14400Hz 
FFFFh #Trl1 

FFFFh #Trl2 

FFFFh #Trl3 

# 

#FRAME 2. No phase shift selected 

0200h #TrlO ADi=010b RxCR2 selected 

# 

# Di =00h no phase shift 

FFFFh #Trl1 

FFFFh #Trl2 

FFFFh #Trl3 

# 

# 

#FRAME 3. select interpolation factor 


0340h #TrlO ADi=011b RxCR8 selected 

# Di =40h interpolation factor = 160 
FFFFh #Trl1 

FFFFh #Trl2 

FFFFh #Trl3 

# 

# 

#FRAME 4 


FFFFh #Trl0 ADi=111b no control register access 
XXXXh #Trl1 EYEX-EYEY 

FFFFh #Trl2 reserved 

FFFFh #Trl3 reserved 

# 

# 
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.6 - FILTER COEFFICIENT CODING IN ST7544 TIME-SLOT FORMAT 


1.6.1 FILTER CHARACTERISTICS 


Type : band-pass filter 
Order : 11 
Sampling frequency : 9.6kHz*5 = 48kHz 
passband edge HP : 8300HzZ 

(3dB , butterworth) 
stopband edge HP : 200Hz 
stopband loss HP : 8dB. 
passband edge LP : 83200Hz (Cauer) 
stopband edge LP : 4200Hz 
stopband loss LP : 60dB 
passband ripple : 0.1dB 
coefficient wordlength : 11 bits + sign 


1.6.2 - Filter Coefficients Table 


ea ome (eS ee 
To [0 | og | -1 Jo, 
joseaeis| 0 | oases | -1—~[o. 
r7ose7e |-o.7ese12e| 0.906563 | _-1 [0 
ro | 0 | oovasaor[ 0 [o| 


1.6.3 - Coefficient Coding in ST7544 Time-slot 
Format 


Example of subroutine to code the coefficients in 
the ST7544 time-slot format. 


SUB CODE(A(),NbBiquad,AA()) 
LOCAL i,EXTRABIT() 
FOR i=1 TO NbBiquad 
IF ABS(A(i))=1 THEN 
EXTRABIT(i)=-32768 
AA(i)=CINT((A(i)/2)*2048) 


12/28 


86 


ELSE 
EXTRABIT(i)=0 
AA(i)=CINT(A(i)*2048) 

END IF 
AA(i)=(AA(i)<3)AND 32767 
AA(i)=(AA(i) OR EXTRABIT(i)) 
NEXT 
END SUB 


with : 
INPUT : 


NbBiquad number of biquadratic function. 
A() Coefficient in decimal format 


OUTPUT: 
AA() Coefficient in ST7544 time-slot format. 


writing convention: 

ABS() return an absolute value 

CINT() convert its argument to an integer. 

(if the fractional part of an argument is equal to 0.5, 
it is rounded toward the even number). 


<n left shift of n bit. 


Note: It is not possible to code -1 or 1, we 


therefore do as following 

+1=2%*+0.5 

-1=2*-0.5 

So IT IS NOT POSSIBLE TO CODE +/- 2 


Filter table in Hexadecimal format. 


ere: ee ee 
[000 [0000 | scaen | E000n | 0000 
B7ESh Fah 
0000 0000 


OMSON 


IST S65 THOMSON 
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1.6.4 - Transfer Function 


Figure 6 Figure 7 
TRANSFER FUNCTION TRANSFER FUNCTION 
Coefficients 11bits plus sign Coefficients 11 bits plus sign 
ome 0.2 
a 
ZS -0.2 
ra a 
2 J -0.6 
2 a -1 0 
< pe -14 
ea q 18 
= = 
F Ss -2.2 
ui -2.6 
” -3.0 
0 2 4 6 8 10 0 1 2 3 4 
(Thousands) g (Thousands) 
FREQUENCY (Hz) 3 FREQUENCY (Hz) 
Figure 8 
a TRANSFER FUNCTION 
Coefficients 11 bits plus sign 
Li 
Oe segs Se ee oe 
if Fe a ae ae a a 
uy ae 
2 
Tp) 
e, 
om! 
a 
Q 
ou 
=> 
fe 
6 0 1 2 3 4 g 
(Thousands) a 
FREQUENCY (Hz) 3 
Gy SGS-THoMson 
YZ MicRosuecrRomics 
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ll- ST7544 APPLICATION BOARD 
The ST7544 application board will give you a powerful analog front-end evaluation/development tool. 


Two applications are available on board : 
- Appli 1 : Analog front-end, 
- Appli 2 : Modem analog front-end. 


Figure 9 
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- Digital interface gives all necessary signals in l1.1.1 - Single Crystal Oscillator 
order to control and program the ST7544. ; 
- The Digital interface connector is fully compatible Figure 10 
with ST18933 development tools. 
- Functionality with 2 crystals available on board, ST7544 
- Eye diagram monitoring, 
- Single-ended application. XTAL10  XTAL11 
- Full differential duplexer application. 


ll.1 - CRYSTAL OSCILLATOR 


XTAL10 and XTAL11 inputs must be tied to exter- 
nal crystal(s) or external clock(s). These inputs are 
selected from the TxCtrl register.The maximum 
clock rate is 3883MHz.XTAL10 is the default external 


clock/crystal input.It is mandatory to short-circuit C3 C2 
XTAL10 and XTAL11 when asingle external crystal 10pF 100pF 
or clock generator is used.The nominal master if il 

clock frequency is 36.864MHz but the onchip am- 

plifier is designed for a parallel crystal oscillator with Fq = 36.864MHz Thrird overtone C. = SERIAL 


a frequency equal to 18.432MHz. 
XTAL2 output is to be tied to one or two external Operating range : 0-70deg,5V+5% 


crystal (Figures 10 and 11). If an external clock is Start-up > Max. =10mS 
used, XTAL2 should be left open. Typ. =3.7 mS 
14/28 
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11.1.2 - Double Crystal Oscillator 
Figure 11 


ST7544 


XTAL1O0 XTAL11 


Operating range 
Start-up 


: O-70deg, 5V+5% 
: Max.=10mS 
Typ. =1.5 mS 


1.1.3 - Quartz Specification 

When you order a quartz, you have to specify the 
following parameters : 

- Nominal frequency (e.g 36.864MHz ,25.848MHz) 
- MODE (8rd overtone, Fundamental) 

- Load capacitance (SERIAL, 30pF) 

- Frequency tolerance (50 ppm from 0 to 70°C) 


11.2 - APPLICATION 1 ( single-ended ) 
11.2.1 - Transmit 


The transmit part is a differential single-ended with 
low-pass filter realised by R6//C12 and 


7544-31 EPS 
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The 3dB cut-off frequency of the 1st order filter 
inside the ST7544 is : 


Fo = TxOCLK / (2 - 2-10) 


E.g: istLP : Fsx=7.2kHz over=4 
then Fc = 14.7kHz 
2nd LP: R=15kQ C=680pF 
then Fc = 15.6kHz 


As the transfer function of the filters are known,the 
digital signal can be compensated if needed. 


The C14=1uF gives on BNC J5 a signal referenced 
to AGND. 


11.2.2 - Receive 


The receive part is single-ended to differen- 
tial. There is a low-pass filter realised by R13,R14 
and C16. 


Fe=1/(2* PI* 1.2E03 * 2E-12 ) = 66kHz 
Having a Fe at 66kHz, we have a flat transfer 
function in working Band (0-4kHz). 

We DO NOT recommend the use of OP-AMP 
based filter as OP-AMP will present high imped- 
ance at high frequencies. This low-pass filter must 


be implemented as close as posssible to the 
pins RxA1 and RxA2. 


11.3 - APPLICATION 2 (duplexer) 
11.3.1 - Transmit 


We have a full differential low-pass filter on transmit 
the side before the DAA (see Figure 12) 

R1 = R21 = R22 = 13.2kQ 

R2 = R23 = R24 = 22kQ 

R3 = R25 = R26 = 22kQ 

Ci =2* C12 = 2*680pF = 1360pF 

C2 =C21 = 100pF 

Fc = 19.6kHz 


R7//C13.The resistors R6 and R7 must be equal as Ao = - R3/R1 = -1.66 
must the capacitor C12 and C13. X=5-Q=0.1 

15/28 
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Figure 12 


R2-R3 
R1 


DEE EE] 


R3. R2 Ci 


1+{Re+Ro+ }o2-P+Re R3-C1-C2.- Pp? 
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11.3.2 - Receive 
We have 2 filters as in application 1 (LPF, Fc = 66kHz) and describe below (DC offset suppress, Fc = 85Hz) 


Figure 13 


Vout _ 44 R1i-C-P 
Vn 1+R2-C-P 


C=2 C19 


R1 = R36 = R39 
R2 = R37 = R38 
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11.3.3 - Duplexer The control registers are programmed as follow- 
R,C : Improves the low frequency response. These Ing - 
values depend on the transfer function ofthetrans- F9A4 TxCR1 M*Q=4"6 U=4 PO=3 and BS=0, 


former.Filter transfer function realised by R,C must Fsx = 9600Hz, 
compensate for the loss in transformer at low fre- Symbol rate = 2400 baud, 
quency. Txhsclk = 12.288MHz, 
; Band split Mode inactive 
Figure 14 F8F1 TxCRO NRST=Fth, 
Bit rate clock frequency 
= 14400Hz 


FB40 TxCR3 V=010b , W=0 , Ts=000 , DL=0, 
Fcomp = Txrclk, 
Oversampling ratio = 160, 
Phase shift freq 
(Fsx/2 (Fq+Fsx/2))normal mode 
FAC4 TxCR2 AT=11b, LTX=0, LC=0, SST=0, 
VF=0, R2=0, attenuation = OdB, 
mode 7543, 
synchronize TxCLK on TXRCLK, 
Normal mode synchronization 
01A4 RxCR1 idem TxCR1 
OOF1 RxCRO idem TxCRO 
0200 RxCR2_ no phase shift 


RECEIVE 
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ZO : Nominal line impedance.(e.g : ZO = 600Q) 0340 RxCR3 V-=160- Interpolation ratio 

TRANSFO :M=1,Rs=Rp= 100Q 

2*X =ZO0/N2 - Rp - Rs M2 11.4.2 - meesurement . 

2*X=Z0-2* Rp = 600 - 200 = 400 We generate a digital sinewave of 1003.125Hz 
(1024 samples).This signal is sent to Txsig.Then 

X= 2000 we do a FFT (1024 samples) on the digital receive 
signal RxTx. 


11.4 - PERFORMANCE MEASUREMENT 


‘ ; Figure 15 
11.4.1 - Configuration 


ST7544 ANALOG LOOP-BACK 

The following measurements have been made with Fq = 36.864MHz, Fsx = 9600Hz, Oversampling = 5 

S1T7544 application board on application (1) with 

crystal 36.864MHz. The analog transmit signal (J5) 

is connected to analog receive signal (J4). 

The IIR1 filter ( low-pass ) file is the following : 
FFFF 0000 0000 A000 0000 0000 
B7D8 42B0 0118 CA08 AQ00 B570 
48A0 2838 CB68 A000 B268 5070 
3508 CFAO A000 AED8 59D0 2898 
DD90 AOO0DO ACI8~ 6118 07A0 3368 
AQO0OO ADFO 5338 0858 4098 AQO00 


S/N (dB) 


0 1 2 3 4 5 
0000 0000 0008 
(Thousands) 
The IIR2 and IIR3 filter (band-pass filter) files are FREQUENCY 
metering: We have S/N = 84.43 dB. The band noise is double 
FFFF 0000 0000 3088 £000 0000 because of analog loop-back ,so if we want to 
3088 0000 37E0 £000 0000 B6A0 calculate the dynamic range of the ST7544 ,we add 
4D18 OCEO E000 0000 BEB8 4278 3cB to the S/N. 
OBS8 C9A8 A000 B940 4210 £OE68 S/N = 84.43+3 = 87.43 dB at Signal = -6.13dBr 
CBE8 A000 B7E8 46E0 OF98 D520 S/N = 87.43 + 6.13 = 93.56dB = DYNAMIC 
AOOO B5A0 5278 0238 ###1690 A000 S/N = 6.02 * Nbit + 1.76 
0000 0000 #0020 Nbit = (93.56-1.76)/6.02 = 15.25 bits 
17/28 
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lll - INTERFACING ST7544 WITH DSP56000 (MOTOROLA) 


You will find below a suggested interface of our ST7544 with DSP56000 series from Motorola. 


We use the ST7544 in single SSI. The different connection are as following : 


Figure 16 


$T7544 DSP56000 
Bit Clock Output Serial Bit Clock Input 


Frame Clock Output Frame Sync Output 
Transmit Data Output Receive Data Output 
Receive Data input Transmit Data Output 


The DSP56000 control register bit has to be configured as following : 


Figure 17 


SYN BitSetto 1 — Synchronous Mode 
GCK Bit Set to O ————? Continuous Clock 
SCKD BitSetto 0 ——— External Source Clock 


SCD2 Bit Set to 0 ———? SCK Set to Input Mode 

FSL BitSetto 1 ——— Frame Sync Length Equal 1 Bit 
WL1-WLO Bits Set to10 ————- Word Length Set to 16 bits 
DC4-DCO —s Bits Set to X ————— _ Number of Timeslot (4, 5) 


And you have to program the DSP in Network mode. 
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ANNEXE 1 : Demoboard Schematics 


Figure 18 
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Figure 19 


R25 22kQ 
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R31 
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ANNEXE 2 : Layout 


Figure 21 
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Figure 23 : Layer 1 
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Figure 24 : Layer 2 - GNDD, AGND 


ee 2 
OOM ge 
rN ee 
. 
7 tit a 
: e® . 
. weg 
5 


spay ORME 
VO*' ~ DO00 O° a cio: : 208 . 
O01 - 00Q9" me - - 66" 00,” 0008 
; ae 0000. x rote 7 000. te ot, 
0000 | 5 meoo: 888 2 Good - 
ye “Om a oO ooo. ; : 6 i : 
ne Oooo: oO ora rato} ee . 


es oe. 
1 9990. on “eho: cc} 60 , 


c 


0060000 > 


.O.: 
Oo. 
oO. 
Or: 
Ke) 


90 SEER” 
aa goood. 


Soc oee. 
000000! 


7544-42 TIF 


25/28 
AY, Seoecases 
99 


SIL &b-prSl 


Fe Ga 
Pal eee eae 
By Wt ES BS 0 
BB eee ee 
rT yell fal GED 
CEL eCEr 
B58 Ga 0 
ARO 
st ela 
A) 2B Ed 
fete 


a a Be 


WP eT 


EX 


ara: 


ha Ta, 


AE Ciatintehe 
See 
a 


Byerly 


oN ree 


Seg Ae Te re Gs ae 


a 


ARE EoBooeoo 


@ 


7a"0 
© e¢@ 
poogooo 


34 BBoutoroes —— 


$T7544 - UNIVERSAL ANALOG FRONT-END 


Layer 3 - DVpp, AVpp 


Figure 25 
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Figure 26 : Layer 4 
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Figure 27 : Layer 4 
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|- INTRODUCTION 


The ST7546 is a high resolution analog-to-digital 
and digital-to-analog converter targeted for V.34 
modem and consumer audio applications. 


This device has a 16 bit oversampling ADC and 
DAC, filters and control logic for the serial interface. 
The oversampling ratio consequently the sampling 
frequency for the ADC and DAC are user program- 
mable. 


The devices operation is controlled by reading the 
16-bit information control register. 


The major functions of the ST7546 are : 

- To convert the audio-signal to 16-bit 2’s comple- 
ment data format through ADC channel. 

- To communicate with an external digital signal 


AN686/0595 


Il.2 REGISTER PROGRAMMATION (16 Bits Word) 


lil TEST FEATURES 3 .csnioeiiscteeviens 
lil. CONTROL REGISTER TEST FEATURES 


| 


Cr ee ) 


V.1 DAC AND ADC REFERENCE VOLTAGE - COMMON MODE VOLTAGE 


V.3 ANALOG INPUTS (IN+, IN-, AUX IN+, AUX IN-) 


V1.2 SINGLE-ENDED APPLICATION BOARD (ST7546DEMO1B) 


By Joel HULOUX 


Document page 
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processor via serial interface logic. 

- To convert 16-bit 2’s complement data from a 
digital signal processor to an audio signal through 
the DAC channel. 


The ST7546 consists of two signal-processing 
channels, an ADC channel anda DAC channel, and 
the associated digital control. The two channels 
operate synchronously so that the transmitted data 
to the DAC channel and received data from the 
ADC channel occur during the same time interval. 
The data transfer is in 2’s complement format. 


To save power, the low-power reset mode can be 
used to reduce the power consumption to less than 
imW (typ. 50uW). 
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ll - DIGITAL INTERFACE (9 Pins) 


The ST7546 is a very simple device to use thanks 
to the preprogrammed filters and its only one con- 
trol register. In a short time you will be familar to the 
high efficiency integration function. 


ll.1 - Data Exchange 


The data exchange (DATA and CONTROL) are 
done through the pins Data in (Din) and Data out 
(Dout). 


[Pin | DataMode | Control Mode 
Din | Word is input of Data word followed by 
the DAC control control register word 
Dout | Word is ADC Data word followed by 
conversion result | register read 
lI.2 - Register Programmation (16 Bits Word) 
The control of the device can be done in two way, 


Figure 1 


for register programmation, by setting the pins HCO 
and HC1. 
for control the device generates one pulse 
at 1/2 sampling period for control word. At 
eee Hardware mode for data transfer only 
1 X | Hardware mode for device programming 
and register read 
length according to the programmation (transmit 
data could be on 15 bits in software mode or 16 bits 


the end of the secondary frame the device 
Figure 1 resume all possible mode with the 
in hardware mode). The hardware mode could be 


Software mode : LSB = 0 for Data, LSB = 1 

automatically returns to data mode. 
ST7546. In this chart, we see the different data 
selected easily by connecting HCO to +DVpp. 


Yes No 


HC1 = "Oo" 


Yes No 
HCO = "oO" 


Yes No 
LSB = "oO" 


MIXED MODE 
2nd Frame 
Register Access 


DATA MODE 


XMIT = 15 bits 
RCV = 16 bits 
XMIT = 15 bits 
RCV = 16 bits 


Figure 2 : Data Mode 
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Il - DIGITAL INTERFACE (9 Pins) (continued) 
Figure 3 : Access Register Mode (obtained also with LSB data = "1") 


Sampling Period 


1/2 Sampling Period 


ee ee 


Din — 
Dout 2 
HC1, HCO 1X : 
ll.3 - Clocks Signals TESTS : see Figure 5 
- MCLK : Master Clock Input. This signal is the In this mode you can observe the Processing clock 
oversampling clock of the D/Aand A/D convertor. | 0n Pin TSD1. Do not forget to connect externally 


It also provides the clocks of the serial interface | the Pin VC1 and VC2 for the PLL loop. 

(Fs, SCLK). The master clock is equal to TEST 4: see Figure 6 

Fs x OVER (OVER = oversampling ratio = 64, 96, If you are in the mode to enter the processing clock 
128, 160 or 192). For proper operation there must which is equal to 6 times the MCLK do not forget to 


be no jitter on MCLK. provide the Master clock to the ST7546. 
- Fs : Frame Synchronization (Sampling fre- 


quency) signal generated internally goes low on =~ Figure 5: TEST3 
rising edge of SCLK. This signal indicates that the 
ST7546 is ready to send or receive data. 

- SCLK : Serial bit clock clocks data into Din and 
out of Dout during Fs. SCLK = MCLK 


The clock generator provides, via an internal PLL, 
the clocks needed for the computation in the digital 
section (PCLK = Processing Clock). The MCLK 
clock is used by the PLL for the clock reference. exiemel 


Connection 
Thanks to the control register, different configura- 
tions can be obtained for the clock generator. We 
use the bits D15 and D14 of the control register. 


lo | x | PLL normal mode, TSD1 Pin is grounded intemally 


| 1 | 0] PLL open loop, Tsd1 Pin = PCLK output (TEST3) 


PLL open loop, Tsd1 Pin = PCLK input (TEST4) 


: ; —-OVER 
Figure 4 : Normal Mode +4 64, 96, 128, 
160 or 192 


(internal) 
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Figure 6 : TEST4 


~OVER 
64, 96, 128, 
160 or 192 


4 
(internal) VA ee 


PCLK 
(internal) 


TSD1 
INPUT 


AN686-06 EPS 
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ll - DIGITAL INTERFACE (9 Pins) (continued) 
ll.4 - Reset - Power Down 


RESET : The reset function is to initialize the inter- 
nal counters and control register. A minimum low 
pulse of 100ns is required to reset the ST7546. This 
reset initiates the serial data communications. 


The reset will initialize the register to default value 

providing the following status for the ST7546 : 

- Oversampling ratio equal to 160 

- Serial interface in data mode 

- DAC attenuation set to infinite 

- ADC gain set to OdB 

- Differential input mode selected on ADC conver- 
tor 

- Multiplexor set on main inputs IN+ and IN- 


After a reset the first frame synchronization corre- 
sponds to the primary channel. 


POWER DOWN (PWRDWN) : The PWRDWN 
powers down the entire chip (50uW). When this pin 
is set low the internally programmed state is main- 
tained. Full operation can be resumed within 5ms 
by putting back PWRDWN pin to High. When not 
used this pin should be tied to Vpp. 


Figure 7 


Reset Hard 
(Register) 
(RESETH) 


Reset Data 
Path and Clock 


Generation 
(RAZDP) 


Power Down 
Analog Part 
(PDN) 


lil - TEST FEATURES 


Some test features have been introduced in the 
ST7546 in order to help you for the debug. These 
features are accessed through the bit D13 and D12 
of the control register or by setting a certain level 
on Pin Tstd2. 


lll.1 - Control Register Test Features 


D2] —Sunetion 
[0 [NommeiMode 
0” [Analog Test (TEST2) 


TEST 1 : Digital Test (see Figure 8) 

In order to test only the digital path, in this mode 
internally we connect the transmit output Noise 
Shaper to the Receive FIR filter. So the test does 
“not depend on the analog hardware. 


|D13- 
om 
| 0 
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Figure 8: TEST1 


end Order 
Modulator 
NOISE SHAPER 


LOW PASS FILTER 
IIR + FIR 
(0.425 x Sampling Freq.) 


LOW PASS FILTER 
IIR + FIR 
(0.425 x Sampling Freq.) 


TEST 2: Analog Test (see Figure 9) 

In order to check the analog hardware, in this mode 
we connect internally the sigma delta modulator 
output to the DAC (1 bit) input. 


Figure 9: TEST2 


Attenuator 
OdB 
6dB 

Infinite 


iI1.2 - Pin Tstd2 Features 


In norma! mode the pin Tstd2 is set to Ground (OV). 
Two differents test features could be obtained by 
setting this pin to Vpp or Vpp/2. 


11.2.1 - Tstd2 = Vpp 


In this configuration we force the transmit attenu- 
ator to OdB. In that case you can test the complete 
device plus the analog interface by doing a RESET 
(see default configuration at Chapter II.4) and then 
you set the Pin Tstd2 to Vpp and connect externally 
the Pin Dout to the Pin Din. You enter a sinewave 
on the input receive and you will get a sinewave at 
the transmit output. This feature is good to check 
your complete hardware without having doubt on 
your DSP software as this one is not used. 


Figure 10 


Sinewave In 


ANALOG 
INTERFACE 


Hard Mode Data 
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Ill - TEST FEATURES (continued) Figure 12 
11.2.2 - Tsd2 = Vpp / 2 


In this configuration we connect internally the out- 
put of the transmit Serial interface to the input of the 
receive serial interface. So you will be able to check 
what has really been taken into account in the 
device on the received data. 


Figure 11 
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RECEIVE Fiaure 1 
SERIAL gue: 


INTERFACE 


TRANSMIT 
SERIAL 
INTERFACE 
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IV - DSP INTERFACE 


The interface of the ST7546 and a DSP is done 
through a SSI (Synchronous Serial Interface) or 
SERIAL PORT. Any wellknown DSP on the market 
has such communication port. 


We will see the interconnection for 3 types of DSP : 


SGS-THOMSON, MOTOROLA and TEXAS INS- 
TRUMENTS. 


AN686-13 EPS 


Figure 14 


IV.1 - SGS-THOMSON Microelectronics DSP 
(see Figure 12) 


IV. 2 - MOTOROLA DSP (see Figure 13) 


The SSI of the 56000 family DSP must be pro- 
grammed as following : 


AN686-14 EPS 


SYN bit = 1 Synchronous mode 
GCK bit = 0 Continuous clock V - ANALOG INTERFACE 
SCKD bit = 0 External source clock V.1 - DAC and ADC Reference Voltage - 
SCD2 bit = 0 SCK set to input mode Common Mode Voltage 
FSL bit = 1 Frame sync length fs 
equal 1 bit These pins provide the positive and negative refer- 
WL1-WLO bits=10 Word length set to 16 bits ence voltage used by the 16-bits convertors 
DC4_DCO bits = 0000 Number of time slot (1) (VReFP, VREFN). These pins should be externally 


decoupled with respect to Vem which is the com- 
IV.3 - TEXAS INSTRUMENTS DSP (see Figure 14)» on mode voltage equal to (AVpp - AGND) /2. Vem 
The SERIAL PORT of the TMS320C5x DSP family should be externally decoupled with respect to the 
ground. 
has to be programmed through the serial port con- 


trol register as following : Figure 15 
DLB bit = 1 With MCM=0 we have nae 
CLKX=CLKR (external) re tor Ft< 2okHz 
MCM bit = 0 External clock bit source for Ft > 20kHz 
FO bit=0 Word length is 16 bits 
FSM bit = 1 Frame sync pulse g 
required for each word 3 
TXM bit = 0 FSX pin is an input Z 
Gy SGS-THoMson 
AS CROELECTRONICS 
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V - ANALOG INTERFACE (continued) 
V.2 - Analog Outputs (OUT+, OUT-) 


The analog outputs are the output of the fully differ- 
ential analog smoothing filter. Outputs OUT+ and 
OUT- provide analog signals with maximum peak 
to peak amplitude 2 x Vrer, and must be followed 
by an external two pole smoothing filter (VReF = 
Vrerp - VREFN = 2.5V). The cut-off frequency of the 
external filter must be greater than 2 x FS (sampling 


Figure 16 : Fully Differential Output Filter 


1 
R3R4 + R1R4+R1R3 
R1 


-C5.P + R83R4C2C5.P* 


frequency), so the combined frequency response 
of both the internal and external filters is flat in the 
passband. 

Different output stage could be realized : 

- Fully differential output filter (Figure 16) 

- Single ended output filter (Figure 17) 

- Single ended mono supply (Figure 18) 


Block used for measurements 
1pF 


10kQ 10kQ 


PP? 
142 °X Vo + Woe 


Fo = 19.6kHz : R1 = R3 = R4 = 22kQ ; C5 = 100pF ; C2/2 = 680pF 


Fe = 42kHz 


1uF RI 
R1 > 10kQ 


ah = Transmit Gain 


1 
2xmxR2xCt 


=2XFs 


OP-AMP = TS912 
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:R1 = R3 = R4 = 22kQ ; C5 = 22pF ; C2/2 = 680pF 


Ri 2 10kQ 


RL = Transmit Gain 


R2 
tobe oe See 
2xnmxR2xCi 


OP-AMP = TS912 


=2xXFs 
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V - ANALOG INTERFACE (continued) 
V.3 - Analog Inputs (IN+, IN-, AUX IN+, AUX IN-) 
These pins are the differential ADC input. 


The analog input signal is presented to the sigma- 
delta modulator via a multiplexer (IN or AUX IN). 


The analog input peak to peak differential signal 
range must be less than than two times Vrer and 


Figure 19 : Differential Input Filter 


Figure 20 : Single-ended Input Filter 


IN- > VCM 
2.2nF 
1.2kQ 0.1pF 
IN+ 


OP-AMP = TS912 
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must be preceded by an external single pole anti- 
aliasing filter. 


The cut-off frequency ofthe filter must be lower than 
one half the over-sampling frequency (MCLK). The 
filter should be as close as possible to the input pins 
(IN or AUX IN). 


—, INPUT 
I<} SIGNAL 
5V P-P max. 


INPUT SIGNAL 
2.5V P-P max. 


* 


Note : In complete Modem application the node (*) is connected to transmit output throught a 40kQ resistor. 


Figure 21 : Single-ended Input Filter Mono Supply 


IN- a VCM 


2.2nF 


IN+ 


OP-AMP = TS912 


ky7_ SGS;THOMSON 


13kQ 4.7uUF 


IX INPUT SIGNAL 
2.5V P-P max. 


330nF 
my 


Note : The node (*) is connected to the transmit output with a 40kQ resistor which fix the common mode. 
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VI - PERFORMANCES 


We have seen 3 differents kind of analog interface : 
- Case A: fully differential 

- Case B: single-ended 

- Case C : single-ended mono supply 


VI.1 - Fully Differential 


The measurements have been done with a 
RODHE&SCHWARZ AUDIO ANALYZER 2Hz- 
300kHz UPD. 


Figure 22 is the output spectrum on the receive 
side, the analog input signal is at 1kHz / -9dBr 
(relative to VRer).We have the total harmonic dis- 
torsion + noise equal to -85dB.The sampling fre- 
quency is 9.6kHz and oversampling ratio equal to 
160. 


Figure 23 is the output spectrum on the receive 
side, the analog input signal is at 2kHz / -9dBr 
(relative to VRer).We have the total harmonic dis- 
torsion + noise equal to -78dB. The sampling fre- 
quency is 22.5kHz and the oversampling ratio is 
equal to 96. 


Figure 24 is the output spectrum is obtained in 
digital loop-back so we input an analog input signal 
on the receive side and we measure the analog 
output signal with rejector on fondamental (transmit 
and receive noise are added in this case). 


The input level is -20dBr at frequency 1kHz. 


In the following chart (Figures 26 and 27) we can 
see the complete dynamic range of the receive side 
alone and the receive plus transmit (in that case the 
transmit and receive noise are added). 

“THDN ar ra. et 


Figure 22 
ar - 84.57 dB 
ie 


ANALYZER SEE 
INSTRUMENT lite” =.! 

- Min Freq 10 Hz 
- Channel(s) 1 
- Input PARALLEL 
- Sanple Frq VALUE: 

9600.0 Hz 
- fludio Bits 16 
- Wordclock RISING 


START COND AUTO 
- Delay 0.1187 s 


INPUT DISP PEAK 
- Unit Chi dBFS 


- Reference VALUE: 
1.0000 FS 
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mt al att 
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The measurements have been done for two sam- 
pling frequency 9.6KHz and 22.5kHz. 


VI.2 - Single-ended Application Board 
(ST7546DEMO1B) 


The measurements have been done with a R&S 
audio analyzer and ST DSP emulator PC board. 
The complete schematics of the demoboard are 
given in annexe. 

Transmit Side (D/A) 

We generate a digital waveform at 1kHz and the 
DSP send the word to the AFE whose output is 
connected to the R&S analyzer (Figures 25, 28). 
Receive Side (A/D) 

For testing the receive side we use a sine generator 
type 1051 from BRUEL & KJAER for the input 
signal and we perform a Fast Fourier Transform on 
the digital receive signal (Figures 29, 30). 


VI.3 - Single-ended Mono-Supply 


The results of this case are similar to the single- 
ended +5V. 


VI.4 - Conclusions 


We have seen different type of analog interface 
differential and single-ended.We observe differ- 
ence of around 2dB between the two types. 


With standard two layers printed circuit board 
(ST7546DEMO1B) we have outstanding perform- 
ances at least 92dB of dynamics. 
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VI - PERFORMANCES (continued) 
Figure 23 
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VI - PERFORMANCES (continued) 


Figure 26: Fs =9.6kHz, MCLK = 1.536MHz 
and OVER = 160 


BS | | | ae 
~--A/D+D/A ae a a 


S/(N+D) dB 


0 
-90 -80 -70 -60 -50 -40 -30 -20 -10 0O 
Input Level (dBr - OdBr : Full Scale) 


Figure 28: Fs =9.6kHz, MCLK = 1.536MHz 
and OSR = 160 
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Figure 30 : Fs = 9.6kHz, MCLK = 1.536MHz 
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Figure 27: Fs =22.5kHz, MCLK = 2.16MHz 
and OSR = 96 
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Figure 29: Fs =9.6kHz, MCLK = 1.536MHz 
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ANNEXE : ST7546DEMO1B SCHEMATICS AND LAYOUT (continued 


ST7546 - SIMPLIFIED ANALOG FRONT-END 


Figure 32 
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Vil - ANNEXE : ST7546DEMO1B SCHEMATICS AND LAYOUT (continued) 


Figure 34 
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ST7546 - SIMPLIFIED ANALOG FRONT-END 


Vil - ANNEXE : ST7546DEMO1B SCHEMATICS AND LAYOUT (continued) 
Figure 36 
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APPLICATION NOTE 


ASTEREO AUDIO SOLUTION FOR MULTIMEDIA APPLICATIONS 
USING TWO ST7546 A/D AND D/A CONVERTERS 


ST7546 is a general-purpose signal processing 

Analog Front End, dedicated to full audio band 

applications. 

ST7546 basically has to be connected to the serial 

interface of a DSP for data exchanges, and to a 

DAA (Data Access Arrangement) on analog side, 

which can be simply implemented as a differential 

to single ended amplifier on output and only an 

amplifier on signal input. 

Main signals on the ST7546 host interface are : 

- Din, data serial input: 16 bits per frame from DSP. 

- Dout, data serial output : 16 bits per frame to the 
signal processor. 

- FS, frame synchronisation provided to the host. 

- SCLK, serial bit_clock also provided to the proc- 
essor, which is MCLK. 

- NRESET, reset from host to ST7546. 

The goal of note is to describe a simple way to 

manage at least two ST7546 Analog Front End 

from a single DSP. 


Figure 1 
NRESET 


MCLK 


N x 32 Cycles 


Figure 2 


DSP 


$T18933 


ST7546 
LEFT CHANNEL 


AN815/0295 


Let’s have a look on the startup sequence of the 
device from a reset pulse. The first FS falling edge 
will be generated after a number of cycles depend- 
ing on the programmed value of N : 32 x N + offset 
as showned on Figure 1. So if data has to be sent 
just after reset the device, designer must take care 
of this delay. 


Data word input/output are available after the falling 
edge of the Frame Synchronisation output of the 
device, and are sampled during the sixteen first 
cycles of clock after the frame synchronization sig- 
nal. 


So, to control a pair of ST7546, the DSP has to send 
and receive 32 bits words, where the first 16 bits 
are dedicated to the left audio channel, and second 
half to the right side for example. Each device must 
be synchronized on the NRESET signal provided 
by the signal processor. 


A synchronous reset block is needed, where a 
single sequence of two sixteen MCLK cycles de- 
layed signals NRESET1 and NRESET2, is gener- 


Delay After Reset 


ST7546 
RIGHT CHANNEL 
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ated after the master reset NRESET (Figure 2). 
Both ST7546 are supposed to be in the same mode 
selected with HCO and HC1 pins. 


Figure 3 shows the phase delay between FS_left 
connected to the DSP, and FS_right. 


For the processor, everything is like if there is a 
single interface on an hardware point of view ; the 
second ST7546 may be considered as a slave part. 
For correct contro! of data flow to dual ST7546 
system, a burst must be generated by the proces- 
sor as shown on Figure 4. 


The synchronous reset block can be simply imple- 
mented with one synchronous 4 bits counter, two 
type D flip-flops, and three nand gates (Figure 5). 


Figure 4 
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PCMCIA AND PC GENERAL PURPOSE INTERFACE 


ADVANCE DATA 


= PCMCIA AND PC GENERAL PURPOSE IN- 
TERFACE (MODEM, ISDN, MULTIMEDIA) 

= ExCA™ COMPATIBLE (see Note 1) 

= 494 BYTES INTERNAL RAM WITH BUS AR- 
BITRATION 

= PCMCIA CONFIGURATION REGISTERS (RO, 
R1) 

= CONFIGURABLE I/O DECODER 

= 1?C EEPROM INTERFACE (256 BYTES) 

= 16C550 UART 

= CONFIGURABLE CLOCK GENERATOR 

= (0 - MCU - MEMORY EXTENSION 8 BITS 
PORT 

= HIGH THROUGHPUT : 

- 115200Bps THROUGH UART 
- 2MBYTES THROUGH RAM 

= 3.3V OR 5V SUPPLY (+10%) 

= LOW POWER 

= SMALL OUTLINE TQFP80 PACKAGE 

= ALSO AVAILABLE WITH COMPLETE.MODEM 
CHIP SET 

TQFP80 


(Plastic Package) 


ORDER CODE : ST7548CQFP 


GENERAL DESCRIPTION 


The ST7548 is a flexible interface for the PCMCIA 
and PC buses mainly dedicated to telecommunica- 
tions. It is fully in accordance with PCMCIA stand- 
ard and is designed to be coupled to a modem. It 
includes a 16C550 compatible UART, a 494 bytes 
internal memory, an |°C interface allowing chip 
initialization from an external EEPROM, and a pro- 
grammable clock generator. 

It also includes a configurable port which can be 
used either as I/O or memory extension or as an 
interface to a wide range of microprocessors. In this 
case, using the internal memory, high speed data 
transfers can be achieved between the PC and the 
application. 

lt is realised in an ultra-flat TQFP80 package suit- 
able for PCMCIA cards. 


Note: 1. ExCais a trademark of Intel Corporation. 
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TIMING CHARACTERISTICS 


PCMCIA BUS TIMING (COMMON MEMORY CYCLE) 
PCMCIA BUS TIMING (ATTRIBUTE MEMORY CYCLE) 
PCMCIA BUS TIMING (I/O CYCLE) 
MCU BUS TIMING 


Motorola, 


Intel, not multiplexed 


Motorola, 
Intel, mult 


°C BUS TIMING 


MCU CONNECTION 


Wiring .. 
Polling. . 
Interrupts 


UART US 


I/O EXTENSION 
Wiring ... 


Operation 


MEMORY EXTENSION 
Wiring ... 


Operation 
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| - PINCONNECTIONS 


|] mcu_datt1 


|| mcu_dat3 


|__| mcu_dat4 
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|__| mcu_dat7 
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ll - PIN DESCRIPTION 


/Pin | Type _| 


POWER PINS (ALL THE POWER AND GROUND PINS MUST BE CONNECTED) 


DC Supply 
DC Supply 
| 80_| 


1 DC Ground 


PC address bus 


| _PC_ADD_O | 55_| 
| 49 | 
| 46 


Ground | DC Ground 


55 PCMCIA Address Bus Bit 0 (LSB) 
PCMCIA Address Bus Bit 1 
PCMCIA Address Bus Bit 2 
PCMCIA Address Bus Bit 3 
PCMCIA Address Bus Bit 4 


PCMCIA Address Bus Bit 5 


eoeaaee 

ane 

eae Gee 

Pd 

bead 

Eo 
49 | 1 _| PCMCIA Address Bus Bit 6 
| |_| PCMCIA Address Bus Bit 7 
| |__| PCMCIA Address Bus Bit 8 
46 | |__| PCMCIA Address Bus Bit 9 (MSB) 
PC DATA BUS 
| PC_DAT.1 | 69 | VO |PCMCIADATABusBitt 
[Po.paT2 | 68 | vO |PCMCIADATABusBt2——=~S~“~*~“~*~*~*~“~‘“~<~S 
| PC_DAT_4 | 66 | VO |PCMCIADATABusBit4 
PC CONTROL SIGNALS 


PC_WE | 44 | 1Pull-up | Memory Write Enable. Active low 
PC_OE | Pull-up | Memory Output Enable. Active low 
PC_IOWR | 42 | IPull-up | I/O Write Enable. Active low 


Chip-select. Active low. 
PC_IORD | Pull-up | /O Read Enable. Active low 


aN 
Oo 


| PC_REG | 40 | 1Pul-up | Common (1) or Attribute (0) Memory Indicator 
| PC_INPACK | 60 | 0 [VO Read Indicator (0 indicates that an VO read access is being performed) | 
| Pcwait | 59 | O | WaitSignal Activelow. 


until the MCU, writes something in the PROGN register. 
In /O modes), transmits the interrupt coming from the UART, the I/O port or the 
RAM. 


In memory modes : always 1. 
In /O modes: if RINGEN = 1, reproduces UART_RI. 
if RINGEN = 0, always 1. 


In memory modes : always 1. 
In /O modes: if AUDIO = 1, reproduces SPKRIN. 
if AUDIO = 0, always 1. 


Ready/interrupt Active Low : 
PC_RDY 


In all modes, indicates when low that the circuit Is under initialization (CIS being 
58 
Pc_BvDt 


read or written). If no EEPROM is connected, PC_RDY remains low after reset 
PC_BVD2 


5/35 
£7, SBctteanes 
125 


ST7548 


ll - PIN DESCRIPTION 


| Name | Pin | Type fo Fumio 


MCU ADDRESS BUS 


[wicu_abpo [9 | 1 [WOU AddressBusptowsB) ——SC~“~*~“~*~*~*~S~S~S 
Twcu-aon1 | 10 | 1 | MOU AddressBusBitt ——~—=~C~“‘~*“*~“~*~“~“~S~S 
Twcu-ap2 [11 [1 [McuAddessBussite—~=~*~“~*“~*~“~“~“~“~“<S*S 
Pwicu-ap_s | 12 | 1 [MOU Address BusBts—=SC~C~“‘“‘*S*S*S*‘“‘“‘*S*S*SCSCSSCSS 
Twcu-app« [13 | 1 [MCU AddessBuspta SSOSC~S~S~“~S*~S~S~S~S 
Twcu-aps | 14 | 1 [MCU AddessBusBits—~—~=~*~“‘“~*~“‘“~*~“~“~S~S*S 
Twcucap.s | 1 | 1 [MoU Address Busste ——SSSCSC~S~“~S~S 
Pwcu-ao7 [16 | 1 [MOU Address Buset7 —=—SCSC~ST 
rar [1 [wcu Address Bust WiSB)—SCSC~“~*~*~*~“~*~*~“~*~*~S~S~*S 


MCU - I/O - MEMORY EXTENSION CONTROL SIGNALS 


|meu.cs | 18 | | | ChipSelect.Actvelow 
| MCU_DSRD | 19 | |_| Data Strobe or Read Enable, depending on MCU_MOTEL (active low) 
| MCULRWWR | 20 [ || Read-Write or Write Enable, depending on MCU_MOTEL (active low) 
| MCU_MOTEL | 24 | 1 | Motorola (1) or Intel (0) Like Bus Style 


MCU_ACKWAIT Les bet see Wait or Acknowledge depending on MCU-MOTEL (active low) 


In memory extension mode : output, active low. Indicates (when 0) an access to 
the memory extension. 

In I/O extension mode : output, active low. Indicates (when 0) that the I/O port 
address has been recognized. 

In other modes : address latch enable input active high. It is used when the MCU 
data bus is multiplexed to validate the 8 Isb’s of the address on MCU_DAT. The 
address is latched inside the circuit when CSL_ALE goes low. When the MCU 
bus is not multiplexed, CSL_ALE must be connected to 0. 


In memory extension mode : output, not used. 
In I/O extension mode : interrupt input active low, transmitted to the PC on the 
PC_RDY pin. 

In other modes : interrupt output towards the MCU, active low. 


In memory extension mode : reproduces PC_WE. 
In I/O extension mode, reproduces PC_IOW when the I/O port address is 
recognized (otherwise takes value 1). 

In other modes : remains at 1. 


In memory extension mode : reproduces PC_OE. 
In I/O extension mode, reproduces PC_IOR when the I/O port address is 
recognized (otherwise takes value 1). 


In other modes : remains at 1. 


CSL_ALE 7 /O 


MCU_IRQ 


I/O open 
collector 
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Il - PIN DESCRIPTION 
| Name [Pin] type | Function 


UART RELATED PINS 


[_UARTAI [25 | 1 | Ainginput:canbe reproducedon PC_BVDISSSC*d 

PuaRTsIN [26 [1 |Seralinpst SS SCSC~C~—CSS 

| UART_souT | 27 | © _| Serial Output 

| UART.DCD | 28] | | Data Carrier Detect 

| UART_cTS | 29 | |_| GlearTo Send 

| UART_DSR | 30 | |__| Data Set Ready 

| UART_ATS | 31 | 0 | Request To Send 
UART_DTR | 32 | oO | Data Terminal Ready 

| BAUDOUT | 33 | © | UART Transmit Clock 

| RCLK | 34 | Receive Clock for the UART 


—s ei 


a ee os signal provided by the chip for use on the PCMCIA card. It is active 
pe: 7) ae when the card receives a hard or a Soft reset. 


Reproduces Bit PWRDWN of Register R1. active high. 


Two consecutive rising transitions on this signal put the chip in stand-by : 
CLKOUT receives MCU_DIV output instead of the internal clock, unless between 
these two transitions, stand-by procedure is cancelled. Stand-by procedure is 
cancelled when any of UART_RI or UART_SOUT goes low, or when any of 
PWRDWN or PC_RESET goes high. 


Alternate Clock Input. (possibly delivered by a data-pump modem). It is either 
this clock (when Bit 3 of PROGN register is ’1’), or the internal oscillator clock 
(when Bit 3 of PROGN register is '0’) which will be used by UART_DIV to produce 
the CLOCK for the internal UART. 


Output Clock Available for a MCU. It is either the internal oscillator clock, or the 


pam fap 
CLKOUT 3 O clock coming from MCU_DIV in stand-by mode when it is desired to reduce the 
MCU’s power consumption. 


Oscillator Input. Can be connected either on an external quartz to use the internal 
oscillator, or on an external oscillator output. The clock on this pin is the one which 

XTIN 2 is used internally by the circuit to operate its internal logic and state machines. 
The clock used by the UART can come from XTIN or from CLKIN after a division 
to get the proper frequency. 


XTOUT , Internal Oscillator Output. When the internal oscillator is used, to be connected 
on the other pin of the quartz crystal. 

SPKRIN 36 Speaker Input. This input can be reproduced on PC_BVD2 output in 1/O mode 
when AUDIO Bit is one. 


IC LINE (PORTS RELATED TO THE EXTERNAL EEPROM) 


/O open | I?C Bus Data Line 
collector 


/O open I°C Bus Clock Line. Although this pin is inout, the circuit only uses this Pin as an 
38 pot te out Pin. For this reason, one cannot modify the I°C line frequency by forcing SCL 
low from outside the chip. 
Notes: 1. Memory mode: mode for which, depending on the value of bits UE, MODE0, MODE‘ in RO register, only common or attribute 
memory accesses are allowed (1. e., no 1/O access is allowed). 
2. \/O mode : mode for which, depending on the value of bits UE, MODE0, MODE‘1 in RO register, only attribute memory and 1/O 
accesses are allowed (I.e., nO Common memory access Is allowed). 


3. Anumber of pins can be used in different ways either to connect a MCU or to connect a memory extension or an I/O 
extension. These pins are MCU_DATT[7..0], MCU_IRQ, CSL_ALE, !OW and IOR. This corresponds to three different 
behaviours for the circuit. 


Pn | | 23 | 


| PWROWN | 22 | 0 


—_ aa 
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lil - BLOCK DIAGRAMS 


The here under schematic shows the main func- 
tions and data flows of the chip. 


The CIS (Card Information Structure in PCMCIA 
terminology) is a memory and registers area which 
describes the PCMCIA card configuration. During 
chip initialization, it Is, loaded from an external 
EEPROM through the I°C channel (this is the nor- 
mal behaviour when such a memory is present) or 
from the MCU (if no E2PROM is connected ; in this 
case, loading the CIS is under the MCU’s respon- 
sibility). 

The RAM allows high speed transfers between the 
PC and the MCU. 


The 16C550 compatible UART may exchange in- 
formations with another compatible UART. 


When no MCU is necessary, it is possible to con- 
nect instead a peripheral requiring an 8 bits parallel 
interface, or an 8 bits memory extension. There is 
only one set of ports for the MCU, the peripheral 
and the memory extension. Therefore, only one of 
them may be connected at a time on the chip. 


After reset, the RAM memory contains the CIS 
(loaded from the EEPROM through the °C bus, or 
by the MCU). The RAM is also used to exchange 
information between the PC and the MCU. Its ca- 
pacity is 494 bytes (hexadecimal addresses rang- 
ing from x"000" to x"1ED"). It is organized in such 
a way that the CIS does not take all the available 
room. Thus it is possible to perform exchanges 
between the PC and the MCU while keeping the 
CIS available for read. 


The clocks block produces the necessary clock 
signals. It contains multiplexers and frequency di- 
viders which can be programmed with the PROGN 
register. With its internal oscillator, it delivers the 
external clock CLKOUT which can be used to drive 
a MCU. It provides the UART with the required 
clock, building it either from the internal oscillator, 
or from the external clock input CLKIN. It incorpo- 
rates programmable dividers which allow to adapt 
the different clock frequencies. 


The registers are used to configurate the chip and 
to synchronise data transfer between the PC and 
the MCU. 


The circuit considers that they are three masters : 
the PCMCIA, the MCU and the I°C interfaces. The 
registers and the memory can be reached by the 
masters. The table in paragraph IV.11 "ADDRESS- 
ING CAPABILITIES TABLE" shows the access per- 
mission. Each device which is supposed to be 
reached by at least two masters is placed on a 
common internal bus. An arbitration logic manages 
the resulting access conflicts. For this reason, ac- 
cessing one of the registers or memory placed on 
the common bus makes the related master support 
WAIT cycles. 


The addresses are given in the table. Two elements 
can be placed at variable addresses : the UART and 
the I/O port. For the first one, the address is defined 
in the RO register ; for the second one, it is defined 
in the ADRDEC register, and the recognized ad- 
dress field width is defined in the MASK register. 


Figure 1 : Simplified Block Diagram of the Data Flows Allowed by the Chip 
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lll - BLOCK DIAGRAMS (continued) 
Figure 2 : Chip Block Diagram 
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IV - FUNCTIONNAL DESCRIPTION 
IV.1 - PCMCIA ADDRESSING MODES 


Through a PCMCIA port, a computer may perform 
its accesses in three different modes : the common 
memory mode, the attribute memory mode, and the 
I/O mode. 


The usual addressing mode for memory is common 
memory mode. The PC_REG signal is 1’, and the 
PC_OE and PC_WE signals are used as read/write 
signals. 


The attribute memory mode is mainly used to read 
configuration information (in registers or memory) 
of the PCMCIA cards. It differs from the common 
memory mode in that the PC_REG signal is ’0’. 


The I/O mode is used to access |/O ports. In this 
case, the PC_REG is ’0’ and the read/write signals 
are PC_IORD and PC_IOWR. The I/O mode allows 
interrupts to be transmitted to the PCMCIA port. 
That is why, in the ST7548, the I/O mode can be 


kyg, SeSte ies 


used not only to access the I/O port, but also to 
access the memory, thus allowing to synchronize 
data transfer between the MCU and the PC using 
interrupts. 


In the ST7548, from the PC (or PCMCIA) point of 
view, there are registers, a memory, an UART, an 
I/O portand a memory extension port. Each of them 
cannot be addressed in any mode. For example, 
the UART and the I/O port can be addressed only 
in 1/0 mode. The table in paragraph IV.11 "AD- 
DRESSING CAPABILITIES TABLE" shows in the 
PCMCIA columns under which conditions the 
PCMCIA port accesses the different blocks in the 
circuit, and when the circuit generates a wait state 
to the PCMCIA interface. It also shows what can be 
addressed by the MCU (and if a WAIT is sent to the 
MCU), and what can be reached by the I°C chan- 
nel. 
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IV - FUNCTIONNAL DESCRIPTION (continued) 


IV.2 - CLOCKS (Figure 3) 


Introduction 


The circuit includes an oscillator (XTIN and XTOUT 
pins) which has been tuned for frequencies ranging 
from 12 to 24MHz. This oscillator requires an exter- 
nal quartz crystal. It is also possible to operate the 
circuit at frequencies outside this range, but in this 
case a quartz crystal cannot be used : an external 
oscillator must deliver the desired frequency on the 
XTIN pin. Regardless of its origin, the clock present 
on XTIN becomes internally CLK, the basic clock of 
the ST7548. CLK is also named "internal oscillator 
clock". It is used to operate the internal logic of the 
chip (state machines and others). 


The circuit delivers the CLKOUT clock which relies 
on the internal oscillator clock. CLKOUT can be 
used as the basic clock for an MCU placed outside 
the ST7548. In stand-by, CLKOUT can be slowed 
down owing to the "MCU_DIV" divider. 


The on-chip UART receives the clock which goes 
out of the frequency divider named "UART_DIV". 
The input of this divider is either the internal oscil- 
lator clock or an external clock connected on CLKIN 
pin. The division ratios in UART_DIV are well suited 
to the following clock frequencies : 3.6864MHz, 
7.3728MHz, 14.7456MHz, 18.432MHz, 
22.1184MHz, 29.4912MHz, 33.1776MHz, 
36.864MHz. 


The clocks operate in three different ways : normal 
behaviour, stand-by, and power down. 


Normal Behaviour 


After reset is released, the clocks run freely, and it 
is the internal oscillator clock that is sent on 
UART_DIV. Then, depending on the content of 
PROGN register bit 3, the UART clock may come 
from CLK or CLKIN divided in UART_DIV 

The MCU_DIV divider is not used : the multiplexer 
which follows and delivers CLKOUT uses the CLK 
or CLK/2 input. Thus, on CLKOUT, itis CLK/2 which 
is issued when PROGN register bit 7 is ’0’ (default 
value), and CLK when this bit is ’1’. 


Stand-by 


What is desired in this mode, is to temporarily 
reduce the PCMCIA card power consumption, but 
the card remains able to become operational again 
at any moment. 
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Putting the card in stand-by depends upon a MCU 
action. For this, it sends two consecutive rising 
edges on the LOCK_ON pin. Doing this causes 
MCU_DIV to become active. This divider then takes 
into account the division ratio indicated in the 
PROGN register. The frequency delivered on 
CLKOUT is then a sub-multiple of CLK. APC_RE- 
SET (active high) or one of the UART signals 
UART_RI, UART_SOUT at ’0’ wake up the circuit 
and put it back in normal mode. In the same way, if 
one of these signals occurs between the two rising 
edges on LOCK_ON, the stand-by procedure is 
cancelled. 


Depending upon the way that the circuit is used 
(use in conjunction with a 75C501 data pump for 
example), the MCU may also stop the 75C501. In 
this case, the 18.432MHz frequency is no longer 
delivered on CLKIN, and the UART is stopped, 
unless the user links the UART_DIV input to the 
local oscillator (by programming accordingly the 
PROGN register). Switching between CLKIN and 
the local oscillator clock is done in such a way that 
no glitch nor shortened cycle happens. The coun- 
terpart is that the clock cycle may temporarily be 
longer. 


Waking up After a Stand-by 


The circuit goes out of stand-by if a reset happens 
or if at least one of the UART signals UART_RI or 
UART_SOUT becomes ’0’ or if PWRDWN be- 
comes ‘1’. 

If the PC wants to wake up the circuit, it can do it 
with the UART, simply sending a byte to it. 


Powerdown Mode 


In this mode, the user doesn’t intend to use the 
PCMCIA card on which the circuit is placed. So itis 
not the UART that will wake it up. 


The circuit is placed in powerdown under the PC’s 
responsibility. The PC writes a ‘1’ in R1 register 
PWRDWN bit. The circuit then no longer delivers 
any clock neither on CLKOUT nor on the UART, and 
is no longer able to perform accesses to anything 
else than the RO and Ri registers. The circuit will 
only restart after the PC has written a ’0’ in the 
PWRDWN bit. 
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IV - FUNCTIONNAL DESCRIPTION (continued) 


Figure 3 : Theoretical Schematic 
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IV.3 - UVART 


The UART is fully compatible with a 16C550 UART. 
Please refer to the documentation on this type of 
UART to have a detailed description of its behav- 
iour. 


The UART may only be used when the UE bit (Uart 
Enable) in register RO is set to ’1’. The UART 
address can be chosen between four values de- 


PROGN Register 
Bits 2-0 


War 
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MCU_DIV 
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for Example : 
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ST75C501 


address range. 


The clock which enters the UART is divided by the 
value held in DLM and DLL UART registers to 
produce the NBAUD signal. The most common 
frequency for the UART clock is 1.8432MHz. The 
table below shows the required divisor value in 
DLM-DLL to generate typical baud rates for a set of 


pending on the content of RO register. The three 
LSB’s of the PCMCIA address bus are transmitted 
to the UART : they are used to select the internal 
UART registers. The UART thus covers an 8 bytes 


Table 1 : UART Registers 


pRB Receiver Buffer Register | Readonly 
pO THR Transmitter Holding Register | Write only | 
LIER InterruptEnable Register | 

pe | tiRinterruptident Register | Readonly 
J 2X FCRFifoControlRegister | Write only 
|X LCR Line ControlRegister | 

J 4X MCR Modem Control Register | 
eee 


input frequencies (Table 2). 


After reset, DLL and DLM are undefined. They are 
not affected by reset. 


| 


nN] Pp 
<< 


, 
x< 


a 
x 


|SCRScratchRegister | 
|DLLDivisorLatch(LSB) | 
|DLMDivisorLatch(MSB) | 


The address given in this column refers to the 3 LSBs of the PCMCIA address bus. The complete address of a register is 
obtained by adding the indicated address and the one of the COM port as defined in the chip's RO register. 


2. DLAB is bit 7 of the UART_LCR register. 
3. This register is intended to be read only during normal operation and written during production testing. 


KYg, BeBatienecises 


Notes: 1. 
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IV - FUNCTIONNAL DESCRIPTION (continued) 


Table 2 
NBAUD 


UART Clock = 
a ee 1.8432MHz 


UART Clock = 
3.072MHz 


UART Clock = 
8.00MHz (Note 1) 


3600 57600 


4800 76800 a 


7200 115200 ee 
tsgs00, | 
19200 307200 a a a 


38400 614400 
56000 896000 


128000 2048000 


115200 1843200 pauningieacen 


256000 4096000 


Notes: 1. 
2. **=No suitable divisor. 


IV.4 - °C LINE INTERFACE 


IV.4.1 - Introduction 


An I°C line has two wires : the SDA wire carries 
serial data, the SCL wire carries the clock. It is used 
for a wide range of applications, including some 
EEPROMS. It allows several master and slave de- 
vices to exchange data while efficiently managing 
access conflicts. Each device present on the bus 
has a unique address. Data transfers, whatever 
their direction is, are always initialized by a master. 
The slave may slow down the clock if it finds it is 
too fast. 


It is a simplified version of this line which is incor- 
porated in the circuit. It doesn’t manage accesses 
conflicts between several masters. In fact, the 
ST7548 will always be the only master on the line. 
The EEPROM is the slave. This is quite enough for 
the application area. The I°C line is managed bya 
state machine clocked by the internal oscillator 
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In this column, most theoretical divisors are decimal numbers. They have been rounded to the nearest integer. 


clock. The EEPROM must be wired at address 0. 
The recommended model is a ST24CO2A or com- 
patible. 


[V.4.2 - State Machine Behaviour 


The line is managed by a state machine. After a 
hard or soft reset, the state machine will try and 
read an EEPROM using the "Sequential Random 
Read" protocol. If it doesn’t get any answer, there 
is no EEPROM, and it stops. 


The PC may also ask the ST7548 to copy in the 
EEPROM data that have previously been placed in 
the RAM. It is a convenient way of working on the 
CIS. This operation is launched by writing a °1’ in 
CONTROLPC register bit 7 (VALWREEPROM). 
The state machine puts this bit back to ’0’ when the 
dump is finished. The state machine uses the "Byte 
Write" protocol to transfer the data to the EEPROM. 
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IV - FUNCTIONNAL DESCRIPTION (continued) 


IV.4.3 - Sequential Random Read Protocol 


The state machine sends the device address (the 
EEPROM address on the I°C line), followed by the 
first byte address (an address inside the 
EEPROM). Then, it sends again the device ad- 
dress and reads the first byte, then the second, and 
so on, without sending any address again. The 
EEPROM internally performs address increment- 
ing. When the state machine wants to stop reading, 
it doesn’t acknowledge the last received byte and 
sends a STOP condition on the line (see Figure 4). 


IV.4.4 - Byte Write Protocol 


The state machine performs a complete write cycle 
for each byte, (sends the device address, the byte 
address, and the byte to write) and repeats this 
operation as long as there is something to write. 
The EEPROM may take some time to physically 
write the data, and hence, not be ready when the 
next data comes. In this case, it answers no_ac- 
knowledge after it has received the device address. 
The state machine makes a polling on this signal 
(sends the device address until there is an acknow- 
ledge) to ensure that every byte will be writ- 


Figure 4 


EEPROM 
Address 


Start 


Byte 
Address 


Start 


ST7548 


ten (see Figure 5). 
The above sequence is repeated for each byte. 


IV.5 - BUS ARBITRATION 


This block manages access conflicts which can 
occur during accesses requiring use of the internal 
bus. Its function is to register access requests, 
allow accesses and put in a wait state those that 
can’t be satisfied immediately by sending them wait 
signals. It is controlled by a state machine which 
operates with the internal oscillator clock. 


Between the MCU and the PCMCIA, if requests are 
sent at high speed, the access priority is switched 
after each access to prevent one of them from 
always taking the bus. When the I7C line requires 
access, it has absolute priority : when the CIS is 
being read or dumped, no bus access is possible 
for the MCU and the PCMCIA. 


Each access to any register or RAM by a MO- 
TOROLA like MCU automatically produces a 
DTACK like wait signal on the MCU_ACKWAIT pin, 
even if no bus arbitration took place. 


a a: Acknowledge 
w: Write 
EEPROM r: Read 


Address 


Figure 5 


EEPROM 
Address 


Start Byte 


Address 
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n" Data Stop 
eo no_ack 


a : Acknowledge 
w : Write 
EEPROM r: Read 


Address 


Stop 
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IV - FUNCTIONNAL DESCRIPTION (continued) 


IV.6 - REGISTERS 
IV.6.1 - Control PC (8 bits, address x"1EE", R/W) 


This register is only accessible from the PCMCIA side. 
Neither the MCU nor the I°C line can reach it. After 
a hard or soft reset, the register has all bits at 0. 


(automatically returns to ‘0’ 


‘1’ = initiate a dump of the 
7 | VALWREEPROM 
when the dump is done) 


RAM in the EEPROM 
| 6 | UART TEST BIT | Must be left at ‘0 


Extend I/O Memory 

at ’1’, masks the interrupt 
| 0 | MASK_IT_McU coming from the MCU 
Bit 7 (VALWREEPROWM) set at ’1’ indicates that it is 
desired to dump a CIS previously written in memory 
at addresses x"000" to x"OFF" into the EEPROM. 


This bit is switched back to ’0’ when the dump is 
done. 


Bit 1 (EIOMEM) : when it is ’0’ (default value), valid 
RAM addresses in I/O mode start at x"100" : ad- 
dresses smaller than x"100" cannot be reached. 
When set at’1’, /(O memory addresses for the RAM 
Start at x"000". 


Bit O (MASK_IT_MCU) when set at 1’ masks the 
interrupt coming from the MCU. 


Bits 5 and 6 (I?C ESCAPE BIT and UART TEST 
BIT) are kept for test purposes. After a hard or soft 
reset, their value is ’0’. The user must leave them 
at ’0’, otherwise the chip’s behaviour would not be 
in accordance with the specification. 


IV.6.2 - Control MCU (8 bits, address x"1EE", R/W) 
This register is only accessible from the MCU side. 
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Neither the PCMCIA nor the I7C line can reach it. 
After a hard or soft reset, the register has all bits at 
0’. 


| Name | Action 

7 | NotUsed | 
| NotUsed | 
| NotUsed | 
fsa NOE W860) SS fe ee 
| NotUsed | 
| NotUsed | 
re 


At ‘1’ masks the interrupt 
MASK_IT_PG coming from the PC 
IV.6.3 - Configuration_status (8 bits, address x"1 EF") 


This is a couple of registers which is provided to 
synchronize data transfer between the PC and the 
MCU. 


Only the configuration registers drawn with bold 
outline actually exist. The status registers are in fact 
only the outputs (with a proper wiring) of the con- 
figuration registers. Bits 6 and 7 of these registers 
are active high. (the interrupt is present when a ’1’ 
is written on bit 7). Clearing the interrupt which is in 
bit 7 of one of the CONF registers is done by writing 
a ’1’ in bit 6 of the other register. For instance, 
clearing bit 7 of CONFPC is done by MCU writing 
a’1’in bit 6 of CONFMCU. It is not necessary to put 
back bit 6 to ’0’ after this operation. Erasing the 
interrupt by writing a 1’ in bit 6 will work even if there 
was already a’1’ in this bit, because it is just the fact 
of writing a’1’ which operates, not the fact of having 
a pulse or an edge on this bit. 


The bit range named “available bits for user" can 
be used freely. It can be used for example to 
transfer a code telling how many words are to be 
found, how many transfers there will be, or anything 
else (see Figure 6). 


AYY, BSctleomaces 


IV - FUNCTIONNAL DESCRIPTION (continued) 


Figure 6 


PC Side 


ES re 
for User 
EC 


CONF Written by 
PC = CONFPC 


IV.6.4 - RO (8 bits, address x"1F0", R/W) 


This register, accessible by PC and MCU, is initial- 
ized by the I°C channel if an EEPROM is present ; 
it is a PCMCIA configuration register. It is mainly 
used to chose the operating mode of the ST7548, 
seen from the PC side : use with or without an MCU, 
in 1/0 or memory, with or without an UART, UART 
address, interrupts style... 


Interrupts style (towards PC) : 
‘0’ = pulse of at least 5ys, ‘1’ = level 


Uart Enable : when ‘1’, allows UART 
use at I/O addresses defined by 
SELO and SEL1 


Not Used. | 
MODE1 ST7548 operating mode 
MODEO | ST7548 operating mode 


UART (communication port) 
selection code 


UART (communication port) 
selection code 


ST7548 operating mode (see also paragraph IV.11 
"ADDRESSING CAPABILITIES TABLE") : 


KYf, BiSomteomones 
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IT to PC eg: 


Clear IT to MCU 


CONF Written by 


MCU =CONFMCU MCU Side 


STATUS Read by MCU 


[MODE1|/MODEO| —ST7548 Operating Mode 

fe | [eR 
addressed in common memory 

| ‘0’ | '1’__| Used as memory extension (no MCU) | 

| 1 | 0’ | Usedasan /Oport(noMCU) | 


Used with a MCU. Memory 
si a is addressed in I/O mode, allowing 
interrupts to be sent to the PC. 


Communication port selection code : 


oo com | 
Toco 
0 coms 


During a hard or soft reset (PC_RESET port or 
SRSET bit at 1’), RO is reset at ’0’ except its bit 7 
(SRESET) which doesn’t turns itself back to’0’ 
when it has been set at 1’: the PC has to turn it 
back to’0’ after a soft reset. Apart from this, for what 
regards the chip’s behaviour, the soft reset has the 
same action as the hard reset. The circuit waits until 
the soft or hard reset is finished to start reading the 
EEPROM. 
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IV - FUNCTIONNAL DESCRIPTION (continued) 


1V.6.5 - R1 (8 bits, address x"1F2", R/W) 

This register, accessible by PC and MCU, is initial- 
ized by the I°C channel ; it is a PCMCIA configura- 
tion register. It contains all ’0’ after a hard or soft 
reset. 


Not Used 
Not Used 
R 
A 

N 


Ring Enable : when ‘1’, connects 
INGEN | UART_RI to PC_BVD1, otherwise 
leaves PC_BVD1 at ‘1’ 


Audio enable : when ‘1’, connects 
UDIO SPKRIN to PC_BVD2, otherwise 
leaves PC_BVD2 at ‘1’ 
PWRDW Power down active high 


Not Used 
Not Used 


During powerdown (when bit PWRDWN is ’1’), the 
circuit prevents from accessing the UART, stops the 
clock dividers, and doesn’t allow I/O and common 
memory accesses. It only allows attribute memory 
accesses. 


| Bit_ 
hese! 
om 


IV.6.6 - ADRDEC (8 bits, address x"1F 4", R/W) 


This register, accessible by PC and MCU, is initial- 
ized by the I*C channel ; it is a configuration regis- 
ter. It contains all ’0’ after a hard or soft reset. It is 
one of the two registers that manage accesses to 


the I/O port. It defines the base address that the 
$T7548 will recognize for the I/O port. 


The I/O port address is decoded by comparing the 
content of this register with the bits PC_ADD[9..2] 
on the PC address bus. 


wee ________________ > ses-mo 


Bits 1 and 0 of the address are ignored, so that the 
decoded address field width is at least 4 bytes. 
Moreover, depending upon the MASK register con- 
tent, additional bits in the PC address bus may be 
ignored, thus making the decoded address range 
larger. The number of additional bits ignored is 
given in the MASK register. There may be 0 to 4 
additional address bits ignored (PC_ADD[2] to 
PC_ADDJ[5)). 


. 


IV.6.7 - MASK (8 bits, address x"1F6", R/W) 


This register, accessible by PC and MCU, is initial- 
ized by the I*C channel ; it is a configuration regis- 
ter. Its content is all ’0’ after a hard or soft reset. It 
is the second register which manages accesses to 
the I/O port. It has an action on the decoded ad- 
dress field width. 


Cait [Name [Action 
C7 [ Notused [CS 
Ts | Notused [OT 
Ta [ Notused [OS 
a [ Notused [SS 
2 


W 
Decoded address field 

width code 
Pou won] 


Address field width code table : 
Decoded I/O 
W2 | W1 Address Field 
Width 
4 bytes 
PC_ADDj[2..5] not masked | corresponding to 
PC_ADD{(0. 1} 
8 bytes 
141 | PC_ADD[2] masked , 
1 corresponding to 
foo | PC_ADDJ3..5] not masked PC_ADDIO. 2} 
16 bytes 
ent PC_ADDJ[2..3] masked ‘ 
1 corresponding to 
poor fo PC_ADD[4..5] not masked PC_ADD{0..3} 
32 bytes 
141 | +4> | PC_ADD[2..4] masked 
1 1 = corresponding to 
jo fon |e PC_ADD{[5] not masked PC_ADD(O..4] 
64 bytes 
1’ PC_ADD[2..5] masked corresponding to 
PC_ADD(0..5] 
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IV - FUNCTIONNAL DESCRIPTION (continued) 


IV.6.8 - PROGN (8 bits, address x"1F8", R/W) 


accessible by PC and MCU, is initial- 
C channel ; it is a configuration regis- 


This register, 
ized by the | 


ter. It contains all ’0’ after a hard or soft reset. It 
drives the clock dividers which generate the UART 
clock and the clock output on port CLKOUT. 


Frequency choice for 
CLKOUT in normal operation : 
0’: olde a tea edie is half 
the one on port. 

7 | NOT_HALF_CLK 1’: CLKOUT frequency is the 
same as the one on XTIN port. 
This bit is meaningless in 
stand-by. 


| 6 | MCU_DIV(2) 
MCU_DIV division ratio code 


MCU_DIV(1) | during stand-by for CLKOUT 
MCU_DIV(0) 


Clock input choice for 
UART_DIV which generates 
the UART clock 


UART_DIV(2) 

UART_DIV division ratio code 
UART_DIV(1) | for the UART clock 
| 0 | UART_DIV(0) 


- Bit 3 : input clock choice for UART_DIV: 
e ’0' > internal oscillator clock (XTIN port). 
e 1’ external clock input port CLKIN. 
- Code giving UART_DIV division ratio : report to 
tables below. 


CLKOUT port stand-by division ratio table : 


Stand-by 
aa a Ratio 


3 UART_CLK 


ky S&S;THOMSON 
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UART clock division ratio table : 


Example : UART 
Divider Input Clock 
giving 1 1.8432MHz on 

e UART 


a 
vo |ot rr) 4 | 7.372eMHz | 
ol yo} 8 | 147456MHz | 
opr || 10 | 18432MHz | 
tj io | of] 2 | 2 1184MHz | 
rj io fr | 6 | 20.4912MHz 
viper | of 18 | 83.1776MHz 


IV.7 - RAM 


The RAM is a 494 bytes memory. It is used to store 
the CIS and to exchange data between the 
PCMCIA bus and the MCU bus. The CIS takes only 
a part of the memory, so that it is possible to keep 
it visible in the memory while performing data trans- 
fer through the RAM. Nevertheless, if a large 
amount of memory is need for these data transfers, 
and if the CIS is no longer necessary after it has 
been read, it is possible to use the CIS area in the 
RAM to exchange the data. The correspondence 
between addresses seen by the PC, those seen by 
the MCU and those seen by the IC interface is 
detailed in a separate paragraph later. 


IV.8 - /O - MCU - MEMORY EXTENSION 
MULTI-PURPOSE PORT 
IV.8.1 - Introduction 


The same pins are used to connect either a periph- 
eral, a memory extension or a MCU. This corre- 
sponds to different behaviours for the chip. 
Choosing one configuration must be done depend- 
ing upon how the chip will be used. It is obviously 
not possible to switch in real time from one behav- 
iour to another since it would mean that the chip 
environment changes at the same time. The choice 
is done after the reset owing to RO register’s con- 
tent. 

The multi-purpose port has 8 pins for data, 9 for the 
addresses and a few other pins for control signals. 
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IV - FUNCTIONNAL DESCRIPTION (continued) 


IV.8.2 - //O port 


The I/O port is an 8 bits parallel port that the PC 
may access. It uses the pins MCU_DAT{7..0] to 
transfer data. The nine address pins are useless 
and they must be tied to either ’0’ or ’1’ to avoid 
power consumption. The chip generates a chip-se- 
lect on CSL_ALE and reproduces on IOW and lIOR 
outputs the PC_IOWR and PC_IORD signals com- 
ing from the PC when the 1/O port address is 
decoded. The I/O port address is programmable 
owing to registers ADRDEC and MASK. 


1V.8.3 - MCU port 


The MCU port allows a parallel 8 bits connection 
between a MCU and the PC through the ST7548. 
The MCU may read and write in the RAM and in 
some registers. The MCU port either works with 
separate data and address buses, or with a multi- 
plexed address/data bus. The ST7548 automat- 
ically detects if the bus is multiplexed. In the 
multiplexed mode, since the address on the MCU 
side is on 9 bits, the 8 LSBs of the address are 
multiplexed with the data and the MSB is carried on 
the address bus at its normal location. 


In addition to the fact of working with a multiplexed 
or non multiplexed MCU bus, for maximum flexibil- 
ity, the ST7548 also accepts two styles of control 
signals for the MCU. One is called "Motorola-like" 
and the other "Intel-like". Motorola-like style is cho- 
sen by wiring the MCU_MOTEL pin to ’1’, Intel-like 
style by wiring it to ’0’. 
- The "Motorola-like" style has the following char- 
acteristics : 
e MCU_DSRD pin is interpreted as a data 
strobe active low. 
e MCU_RWWA pin is interpreted as a level 
active signal indicating "read" when’1’ and 
"write" when ’0’. 
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e MCU_ACKWAIT is interpreted as a "dtack" 
signal which goes low to indicate that the 
MCU can terminate its memory cycle. The 
ST7548 always issues a DTACK on 
MCU_ACKWAIT since it is mandatory for the 
MCU to achieve its memory cycle. 

- The "Intel-like" style has the following charac- 
teristics : 


e MCU_DSRD pin is interpreted as a read 
signal active low. 


MCU_RWWAR pin is interpreted as a write 
signal active low. 


MCU_ACKWAIT is interpreted as a "wait" 
signal which is maintained low by the ST7548 
as long as it wants the MCU to wait during its 
memory cycle. If it doesn’t need any cycle 
extension, the ST7548 will not issue a wait 
on MCU_ACKWAIT. 


IV.8.4 - Memory Extension 


Used in the memory extension mode, the ST7548 
just extends the 8 bits data bus PC_DAT, and 
reproduces the read/write signals on its outputs. 
When the circuit is placed in memory extension 
mode, the following things occur : 


- PC_CE1 is reproduced on pin CSL_ALE (only for 
common memory accesses whith PC_REG=’1’). 

- PC_WE is reproduced on pin IOW if there is a 
common memory write on the chip. 

- PC_OE is reproduced on pin IOR if there is a 
common memory read on the chip. 


- PC_DAT* and MCU_DAT™ are connected to- 
gether according to IOW and IOR signals. 


The addresses are not transmitted by the circuit : 
they have to be handled outside the chip. 
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IV - FUNCTIONNAL DESCRIPTION (continued) 


IV.9 - ADDRESSES CORRESPONDENCE 


ST7548 


IV.9.1 - Addresses Correspondence in Attribute Memory Mode (Figure 7) 


The attribute memory is accessible on the PCMCIA 
side when PC_CE1 = ’0’, PC_REG =’0’, and with 
the read/write signals PC_OE et PC_WE. In attrib- 
ute memory, only even addresses are allowed. One 
address out of two is thus used. In order to avoid 
wasting room in the chip’s RAM, and to allow the 
user to keep the CIS in memory while having 
enough room to perform exchanges between the 
PCMCIA bus and the MCU, the CIS is "com- 
pressed" at the beginning of the RAM. To achieve 
this, attribute memory addresses seen on the 
PCMCIA bus are divided by two (shifted one bit 
right) internally when they are comprised between 
x"000" and x"1EE". Higher addresses (which cor- 
respond to registers) are transmitted without any 
modification. 


When the CIS is loaded in memory by the MCU, 
since the MCU has total freedom for its addressing, 


Figure 7 


: 
Et 3 
— 


(o) 
N 


fo) fo) 

TT oO 

co») wo 
I a i 


> * 
: ‘d ' ‘ 


Tl 
~J 


_— 
m 
@) 


m 
0 


=a}; 
mim 
1;m 


a3) 
ask 


= 

fe) 

= 

® 

= 
na 
ne] | 


248 Bytes 


246 Bytes 


it uses the addresses directly seen by the RAM, 
between x"00" and x"F7". 


When the CIS and the registers are loaded from the 
EEPROM, it is the opposite operation of that which 
is performed for the PCMCIA bus. The addresses 
from x"00" to x"F7" of the EEPROM are copied in 
the RAM memory from x"00" to x"F7". Then, the 
following addresses correspond to registers and 
they are shifted one bit left so that they fall in the 
registers. 


When the chip is used on a true PCMCIA board, the 
user should put x"00" in the EEPROM at addresses 
x"F8" and x"F9", because they correspond to reg- 
isters RO and R1 which are usually loaded by the 
PCMCIA bus after the CIS has been loaded. When 
the chip is used directly with a PC, the user can put 
directly at these locations, the information he wants 
to have in RO and R1. 
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IV - FUNCTIONNAL DESCRIPTION (continued) 


IV.9.2 - Addresses Correspondence 
in Common Memory (Figure 8) 


Common memory is accessible on the PCMCIA 
side when PC_CE1 =’0’, PC_REG =’1’, and with 
the read/write signals PC_OE and PC_WE. In com- 
mon memory, on the PCMCIA side, even and odd 
addresses are allowed, and the addresses inside 
the chip are the same as those transmitted on 
PC_ADD and MCU_ADD address buses. 


Possible addresses on PC_ADD range from x"000" 
to x"1EF". They correspond to the RAM and to the 
first two registers: CONTROLPC and 
CONF/STATUS. 


The circuit RAM memory extends from address 
x"000" to address x"1ED" : it overlaps the CIS area. 
It is up to the user to destroy or not to destroy the 
CIS when he uses the memory. 


IV.9.3 - Address Correspondence 
in I/O Memory Mode (Figure 9) 


I/O accesses on the PCMCIA side are charac- 
terized by PC_CE1 =’0’, PC_REG =’0’ and the use 
of PC_IORD and PC_IOWR as read/write signals. 
I/O addresses start at x"100" and extend to x"1EF". 
They correspond to the second half of the memory 
and to the first two registers: CONTROLPC and 
CONF/STATUS which are preferably used to syn- 
chronize exchanges between PC and MCU. The 


Figure 8 


internal addresses exactly correspond to those that 
are sent by the PC and the MCU. 


When the ST7548 RAM is used in I/O memory 
mode, the circuit filters addresses on the PC side 
which are outside the range x"100" to x"1EF", ex- 
cept those which are for the UART. This filter is 
deactivated when the |/O port is used because in 
this case, the internal memory is not used. 


On the MCU side, no filtering is done on accesses : 
it is up to the user to care. 


IV.9.4 - How to Dump a CIS in the EEPROM 
(Figure 10) 


The circuit has been provided with a facility to 
program the EEPROM without the use of an exter- 
nal programming tool : it is possible to write a CIS 
in common memory mode into the RAM and then 
to transfer it in the EEPROM automatically. The 
transfer is initiated just by writing a ’1’ on bit 7 of 
CONTROLPC register. 


The ST7548 writes the first 256 addresses of its 
internal RAM in the corresponding addresses in the 
EEPROM. So, the CIS to dump must have pre- 
viously been placed in common memory at ad- 
dresses x"000" to x"OFF". 


During the dump in the EEPROM, the signal 
PC_RDY shows "busy" (’0’). 


$T7548 Interna] Addresses 
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IV - FUNCTIONNAL DESCRIPTION (continued) 


Figure 9 


Figure 10 
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IV - FUNCTIONNAL DESCRIPTION (continued) 


IV.10 - INTERRUPTS 
I1V.10.1 - Interrupts Towards the PC 


Interrupts Level 


Interrupts towards the PC are active when there is 
a ’0’ on the PC_RDY port. INTL bit in register RO 
makes it possible to choose between an interrupt 
active on a level (as long as the interrupt is present, 
PC_RDY remains at ’0’) and a pulse interrupt 
(when the interrupt happens, PC_RDY goes low for 
at least 5 micro-seconds, and then goes back to’1’, 
independently of the fact that the interrupt has been 
acquitted or not). 

INTL = ’0’ > pulse 

INTL=’1’ > level 

The PC can only receive interrupts in the modes 
where I/O accesses are enabled. 


Interrupts Origin 


Interrupts towards the PC have three possible ori- 

gins : 

- The UART : the UART emits an interrupt when its 
INTR output is 1’. In order to have this interrupt 
transmitted to the PC, it is necessary to have the 
UART validated (bit UE in RO register at 1’) and 
that the UART output OUT2 be at ’0’. Refer to data 
sheets of 16C550 UARTS to have a detailed 
description on UART interrupts. 

- The I/O port: in this case, interrupts come froma 
peripheral device. The peripheral sends an inter- 
rupt by putting a ’0’ on MCU_IRQ port. This inter- 
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rupt is transmitted to the PC when the 1/O port is 
enabled (bit MODE1 at’1’ and bit MODEO at ’0’ in 
RO register). Conditions upon which interrupts 
appear or disappear on this pin depend upon 
what is connected on the port. 

The MCU : the ST7548 RAM must be placed in 
the 1/O field of the PC in order to have interrupts 
enabled (bits MODE1 and MODE in register RO 
at ’1’). In this mode, the RAM is used to exchange 
data between the PC and a MCU, and interrupts 
may be used to manage this transfer. The MCU 
sends an interrupt to the PC by writing a ‘1’ on 
bit 7 in CONFMCU register. This interrupt 
reaches the PC if the PC has not masked it (the 
interrupt is masked with a ‘1’ on bit 0 in CON- 
TROLPC register). To acknowledge this interrupt 
and make it disappear, the PC must write a1’ on 
bit 6 in its CONFPC register. 


IV.10.2 - Interrupts Towards the MCU 


Only the PC may send interrupts to the MCU. The 
PC sends an interrupt to the MCU by writing a ’1’ 
on bit 7 in CONFPC register. The MCU may mask 
this interrupt by writing a ‘1’ on bit 0 in its CON- 
TROLMCU register. To acknowledge the interrupt 
and make it disappear, the MCU must write a1’ on 
bit 6 in its CONFMCU register. 


Interrupts operation is exactly symmetrical for the 
PC and the MCU. 
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IV - FUNCTIONNAL DESCRIPTION (continued) 


IV.11 - ADDRESSING CAPABILITIES TABLE 


Hexa- 
decimal 
Address 


confMcu 
= statPC 
1FO 


| RO 
no 
a 


= 
UART 3E8 
3F8 

eesti? 

| no 


Tio pet | c00-eFF | no 


PCMCIA Addressing Mode 


ST7548 


RO Content 


eee ¥ ¥ 


ee | | | : ° 


Note: 1. The lowest address in I/O memory mode can be reduced to 000 if EIOMEM bit is set to "1" in CONTROLPC. 


This table describes the access capabilities for all 
the circuit, i.e. for the memory, registers, UART, I/O 
port, and memory extension port. The CON- 
TROLPC and CONTROLMCU registers are seen 
at the same address on the PC side and on the 
MCU side, but in fact they are two different regis- 
ters, and the PC, for example only sees CON- 
TROLPC. The circuit distinguishes them from 
where the access comes from. It is the same thing 
for CONFMCU and CONFPC. In addition, the con- 
figuration/status registers are actually "configura- 


STA SGS-THOMSON 


tion" when they are written and "status" when they 
are read. Their access permission when they are 
status are written in bold italic. Their access permis- 
sion when they are configuration are written in 
regular characters. 

Remark about wait : when the MCU is a Motorola 
or equivalent, a wait (or more precisely a DTACK) 
is systematically generated, even for an access to 
the CONTROLMCU register. This is mandatory to 
allow the MCU to terminate its memory cycle. In this 


_case, the wait duration is as short as possible. 
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V - ABSOLUTE MAXIMUM RATINGS AND OPERATING VALUES 


a 
Von | BG Supply Votage 
ee 
Ca 


Voo | OC Supply Voltage 

ui 
| le | DigitalOutputCurent 
[Ta [Operating Temperate —SSC~=<“*~*~‘“‘“‘~*S*S*~é*sCSC~‘“‘CSIN’NSC#C#*YdSCSSC 
Maximum Power Dissipation 
Lead Temperature (Soldering, 10s) | 800 st 


VI - DIGITAL INTERFACE (Vpp = 5V, Tamb = 25°C unless otherwise specified) 


[Symbol] Parameter‘ Test Conditions | Min. | Typ. | Max. | Unit 
[Ws [Imputlow Votage -[Aldigtarinputs SYS 
"Va [input High Votage | Alreigtalinputs——SC~S~SCi 
7 Vor [Outputuow Voge [k=amaSSSCS~—~SSSSC‘d 
I= 4mA Bec 1 A ane 
al aaa! 
ame) 

; a 


Input Low Current Any digital input, Gnd < Vin < Vi aa 
Input High Current Any digital input, Vin < Vin < Vu ——- 


Output Current in High All digital tri-state I/Os without internal 
Impedance pull-up or pull-down resistor 


Never let any unused input not connected. This could cause excessive power dissipation and may damage 
the component. Unused inputs must be connected either to ’0’ or ’1’, unless otherwise specified in the 
documentation. 


Vil - CLOCK FREQUENCY (Vpp = 5V, Tamb = 25°C unless otherwise specified) 


Symbol Test Conditions oni 


ia 
TCLKIN [OLKINMax Frequency [ST 
f= 


XTIN XTIN Max Frequency 


24/35 
ITT SGS “THOMSON 
144 


ST7548 


IX - TIMING CHARACTERISTICS 
IX.1 - PCMCIA Bus Timing (Common Memory Cycle) 


Read Timing (see Figure 11) 


= 


Symbol | IEEE | Parameter s,s Miin._ | Unit_| 
| tdis(OE) | tcHoz__| Output Disable TimefromOE = | S| S| 8 | ons_— 
| _tsu(A) | tava.__| AddressSetupTime (as —C(i‘“‘Cs*L«CO CT | Cs 
| tha) | tonax | AddressHoldTime — —CidE:C‘S CSTs 
[tsu(GE) | tea | Card Enable Setuptime—~—=—=S~S~—s—sS | SdSSC*dCs 
| th(CE) [tone [| CardEnableHoldTime CTC S| Ts 
tv(WT-OE) [WaitValidfromOE —s—“‘“‘;é‘iLSC“‘(‘sSTCOCOC*#dS C§35|_—sd|oss_— 
WaitPulsewidth ——SSS~—~—YSSCSC*dSSCt‘“‘)] C2 «| ons | 
PtW7) | town | Data SetupforWaitReleased SSS | dT Sid sos_— 
Write Timing (see Figure 12) 
| Symbol | IEEE | ~—————s~Parameter = s|s«Min.'| Typ. | Max. | Unit 
| _tsu(A) | __tavm_| Address SetupTime as —CidE:C MSsGs i $C'’|@;riwTL#PS—sd{|soins_ 
| tsu(D-WEH) | towwH | DataSetupTimeforwE ss “<s —C(‘iYL:S | S| Cons 
| th(D) | twuox | DataHoldTime “a C—~—“‘(]LS StS | Ts 
| trec(WE) | _twmax__|WriteRecoverTime == “sas SC (tséCéirL«CiS | S| S| ns 
a aie ee oe 
ee ee ee 
twuwrv rene eae ae 


tv(WT) WE High from Wait Released 
tv(D-WE) | _| Data Valid from WE 


IX.2 - PCMCIA Bus Timing (Attribute Memory Cycle) 


Read Timing (see Figure 11) 


PsiOh ei 
| 15 
fone 

| twWT) | twnwr | WaitPulsewidth TT ts 
fe ee ee 
ees 
| Min, | 


[Symbol | EEE | —~—~S~*~*~« rameter . 

[tdis(OE) | tower | Output Disable Time ftomOE ———S—SCS~dSSCSi S| 10 | 

[teula)[taven [Address SetupTime———SSSSCSC—C~S~—~Ss Ps 
(A 


Card Enable Setup Tie eer eet 
[tnGE) [tenes | Card Enable Hold Time Sie 
tawny [Walt VaidtomOE 
Ttw(WT) | twnwra [WeaitPulse With SSSCS~SSSCiSCd 

iwWT) | town: | Data Setup for WaitReleased ———SC~S 


Write Timing (see Figure 12) 


Symbol | IEEE | Parameter | Min. | Typ. | Max. | Unit _| 
tsu(A) | __tavm_| AddressSetupTime | | S| ts 
| 80 


A 
| th(A) | tanax | AddressHoldTime | || 
E 
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IX - TIMING CHARACTERISTICS (continued) 
Figure 11 : Read Timing Diagram 


PC_WAIT 


Figure 12 : Write Timing Diagram 


PC_WAIT 
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IX - TIMING CHARACTERISTICS (continued) 
IX.3 - PCMCIA Bus Timing (I/O Cycle) 


Figure 15 : Read Timing Diagram 
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twlORD IORD Width Time 
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tdWT(IORD) WAIT Delay Falling from IORD 
Data Delay from Wait Rising 
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IX - TIMING CHARACTERISTICS (continued) 
IX.3 - PCMCIA Bus Timing (I/O Cycle) (contined) 


Figure 16 : Write Timing Diagram 
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IX - TIMING CHARACTERISTICS (continued) 
IX.4 - MCU Bus Timing 
IX.4.1 - Motorola, Not Multiplexed 


Figure 17 : MCU_MOTEL is Tied to ’1’ 
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The first edge on MCU_ACKWAIT indicates to the MCU that it can terminate its memory cycle. 


[Symbot | ———~—~—~Parameter «Min «| Typ. | Max. | Unit 
[Teu_datack [DataResdSstuptime Si 
[—Teu-dat | Data write SetupTime —~—SSSSCSCSCS ts 
[Thold. dat [DataHolgtme i 
[~Teu.add [Address Setup Time SSCS 
[teu | Reacrwite Setup Time ——SSSCSCS~SCS~Ss Ps 
[Tack [AckDelyTime —SSSC~C—~SSC‘“(SSC‘*id 


Note: 1. The typical value depends upon chip operating frequency. 
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IX - TIMING CHARACTERISTICS (continued) 
IX.4 - MCU Bus Timing (continued) 
IX.4.2 - Intel, Not Multiplexed 


Figure 18 : MCU_MOTEL is Tied to ’0’ 
MCU_ADD 


MCU_CS 


MCU_DAT 
(Write) 


(Read) 
Tsu_dat_wait Thold-dat 
MCU_RWWR 
MCU_DSRD \ 


Tsu_add J 


MCU_ACKWAIT » | pee 


The second edge on MCU_ACKWAIT indicates to the MCU that it may terminate its memory cycle. If the 
access doesn’t require to extend the memory cycle, MCU_ACKWAIT remains at ’1’. 


[Ta.wait|WaitDelay Time SSOSCS~—~Ss 
= 


Note: 1. The typical value depends upon chip operating frequency. 


id 
| _Tholddat_ | DataHoldTime 
Hts 
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IX - TIMING CHARACTERISTICS (continued) 
iX.4 - MCU Bus Timing (continued) 
IX.4.3 - Motorola, Multiplexed 


Figure 19 : MCU_MOTEL is Tied to °1’ 
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[symbor[——SSS™S~S~*~SaramsterSSSS*dCns | Typ | Maes | Ut 
[tsues | GhipSelectSetupTime——SSSCSC“‘~*~*~=“‘“~*~rC 
[—Teu.dat | Data wite Setup Time Sd ti 
[Teuadt | Addioss SetupTime SSS 
Address Hold Time a 
Data Read Setup Time ee ee 
7 Teu.ale | Addiess Latch Enable Setup Time ——~SCSC~SCS~S~S~tC 
10 


[Thotd_dat | DataHoldTime ——SSSC~=“~‘“~*~*‘“‘~sSSC*dSSSC*dSS 
[ReadiuiteSeeupTime—~=~=~“~*“‘*~*~*“‘~‘“~*~rtCSSSd 


Note: 1. The typical value depends upon chip operating frequency. 
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IX - TIMING CHARACTERISTICS (continued) 
IX.4 - MCU Bus Timing (continued) 
IX.4.4 - Intel, Multiplexed 


Figure 20 : MCU_MOTEL is Tied to ’0’ 
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The second edge on MCU_ACKWAIT indicates to the MCU that it may terminate its memory cycle. If the 
access doesn’t require to extend the memory cycle, MCU_ACKWAIT remains at ’1’. 


Data Write Set-up Time 
Tsu_add Address Set-up Time 
Thold_add Address Hold Time 


Tsu_dat_wait | Data Read Set-up Time 
Address Latch Enable Set-up Time 20 {Td ns 


Data Hold Time 


Wait Delay Time 


Note: 1. The typical value depends upon chip operating frequency. 
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IX - TIMING CHARACTERISTICS (continued) 
IX.5 - °C Bus Timing 


Figure 21 
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X - APPLICATIONS 
X.1 - Introduction 


Although it has been designed mainly for telecommunications, the circuit can be used in different ways in 
a wide range of applications. 
For a better understanding of the given examples, we will assume that the following functions are available 
in the PC or MCU software : 


PCWMEM(address, data) /* PC write in common memory mode */ 


PCRMEM (address) /* PC read in common memory mode */ 
PCWATTR (address, data) /* PC write in attribute memory mode */ 
PCRATTR (address) /* PC read in attribute memory mode */ 
PCWIO (address, data) /* PC write in I/O memory mode */ 
PCRIO (address) /* PC read in I/O memory mode */ 
MCUW (address, data) /* MCU write */ 

MCUR (address) /* MCU read */ 


X.2 - MCU Connection 

X.2.1 - Wiring 

The following example shows how to connect a Motorola non multiplexed bus on the chip. 
Connect: 

- MCU_CS on a logic function that decodes an address space dedicated to the ST7548. 
- MCU_MOTEL to ’1’. 

- CSL_ALE to ’0’. 

- MCU_DAT on MCU data bus. 

- MCU_ADD on MCU address bus. 

- MCU_RWWR on MCU RW signal. 

- MCU_DSRD on MCU data strobe. 

- MCU_ACKWAIT on MCU DTACK. 

- MCU_IRQ on a MCU interrupt input line. 

- IOW and IOR may be left open. 


X.2.2 - Polling 
The PC doesn’t use interrupts. Therefore it is not necessary to perform accesses in I/O mode. 
PCWATTR (RO, x"00") /* set chip in common memory mode */ 


PCWMEM (CONTROLPC, x"01") /* PC disables MCU’s interrupts */ 


The available bits in CONFPC and CONFMCU can be used as flags to manage the data transfer. On the 
PC side, the memory can be reached by PCWMEM and PCRMEM functions. 


X.2.3 - Interrupts 
The PC uses interrupts. It is mandatory to perform accesses in I/O mode. 


PCWATTR (RO, x"4C") /* set chip in I/O memory, interrupt = level */ 
PCWIO (CONTROLPC, x"00") /* PC enables MCU’s interrupts */ 


MCUW (add0, data0) /* MCU places data in memory */ 

MCUW (add1, data1) 

MCUW (CONFMCU, x"80") /* MCU sends interrupt to PC */ 

PCRIO(add0) /* PC reads data from memory */ 

PCRIO(add1) 

PCWIO (CONFPC, x"40") /* PC acknowledges interrupt and makes it disappear*/ 
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X - APPLICATIONS (continued) 
X.3 - UART Use 


The following example assumes that CLKIN is used and that a 18.432MHz frequency is available on this 
pin. 
PCWATTR(RO, x"60") /* put chip in mcu memory mode, enable UART, IT level, 

UART address = x"3f8" */ 
PCWATTR(PROGN, x"0B") /* use clkin, divide by 10 to get 1.8432MHz on the UART */ 
PCWIO(x"3fb", x"83") /* set UART DLAB bit at 1,8 bits, no parity */ 
PCWIO(x"3f8", x"03") /* program divisor latch to 38400 bauds */ 
PCWIO(x"3f9", x"00") 
PCWIO(x"3fb", x"03") /* reset UART DLAB bit at 0 to continue */ 
PCWIO(x"3f8", x"55") /* send a data */ 
PCRIO(x"3f8") /* read a data */ 


X.4 - 1/0 Extension 

X.4.1 - Wiring 

The following example shows how to connect a peripheral on the chip. Connect : 
- MCU_CS to ’1’ (it is not used). 

- MCU_MOTEL to ’1’ (it is not used). 

- CSL_ALE to the chip select input of your peripheral. 
- MCU_DAT on the data line of your peripheral. 

- MCU_ADD to ’1’ (it is not used). 

- MCU_RWWAR to ’1’ (it is not used). 

- MCU_DSRD to ’1’ (it is not used). 

- MCU_ACKWAIT may be left open. 

- MCU_IRQ on a peripheral interrupt output line. 

- IOW on the peripheral Write Enable input. 

- |OR on the peripheral Read Enable input. 


X.4.2 - Operation 


PCWATTR (RO, x"48") /* set chip in I/O extension mode, level interrupts*/ 
PCWATTR (ADRDEC, x"80") /* peripheral address = x"200" */ 

PCWATTR (MASK, x"01") /* peripheral address width = 8 bytes */ 

PCWIO (x"200", MY_DATA) /* senda data to the peripheral device */ 


X.5 - Memory Extension 

X.5.1 - Wiring 

The following example shows how to connect a memory extension on the chip. Connect: 
- MCU_CS to ’1’ (it is not used). 

- MCU_MOTEL to ’1’ (it is not used). 

- CSL_ALE to the chip select input of your memory. 
- MCU_DAT on the data line of your memory. 

- MCU_ADD to ’1’ (it is not used). 

- MCU_RWWAR to ’1’ (it is not used). 

- MCU_DSRD to ’1’ (it is not used). 

- MCU_ACKWAIT may be left open. 

- MCU_IRQ to ’0’. 

- [OW on the memory extension Write Enable input. 
- IOR on the memory extension Read Enable input. 
- PC_ADD to the memory extension address bus. 


X.5.2 - Operation 


PCWATTR (RO, x"04") /* set chip in memory extension inode */ 
PCWMEM (x"123", MY_DATA) /* send a data to the memory extension */ 
PCRMEM (x"123") /* send a data to the memory extension */ 
35/35 
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V.32bis/V.17 HIGH SPEED MODEM DATA PUMP 


= 2 CHIP DATA PUMP (ST75C502, ST7544) 


= V.32BIS, V.17, V.33, V.32, V.29, V.27ter, 
V.22BIS, V.22, V.21, V.23, BELL212A, 103 
(SHORT TRAIN INCLUDING V.29/T104) 


=# GROUP 3 FAX AT 14400, 12000, 9600, 7200, 
4800, 2400BPS 


=# PARALLEL/SERIAL SYNCHRONOUS DATA 
HANDLING 


=» DIGITAL FAR AND NEAR END ECHO CAN- 
CELLATION SUPPORTING A DELAY OF 2 
SATELLITE HOPS (1.6 seconds) AND PHASE 
ROLL UP TO 10Hz TQFP44 


# AUTODIAL AND AUTOANSWER (Plastic Quad Flat Pack) 
# COMPLETE HANDSHAKE MANAGEMENT 
= WIDE DYNAMIC RANGE (> 48dB) 

= COMPROMISE TRANSMIT EQUALIZER 

=» AUTOMATIC ADAPTIVE EQUALIZER 

= VOICE MODE (A LAW) 


mB ENHANCED PROGRAMMABLE TONE DE- 
TECTOR (INCLUDING DTMF) 


=» AUTO MODE (WITH MCU SUPPORT) 
a ITU-T V.54 SIGNALLING 


= ANCILLARY CONVERTERS FOR EYE PAT- : 
TERN MONITORING — TOE OO 

= VERSATILE INTERFACES eNO OUCOr AS) 
- PARALLEL 64x8 DUAL PORT RAM 
- SYNCHRONOUS SERIAL /O 
- AUXILLIARY PARALLEL I/O 

= CALLER ID DEMODULATION 


= LOW PROFILE TQFP PACKAGE OPTION 


ORDERING INFORMATION 


SalesType | —~—~S*~<“~*~*~‘“~*«~R rion —=SCS*~“~*‘“‘*~‘“~*~*~*dtCS*« 
ST7544 COFP 
ST75C502 COFP 
ST18098 POFP 
STI8993 EMU-PC 
SATURN 
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| - GENERAL DESCRIPTION 


This highly integrated modem consists of 2 chips, 
the first being a dedicated DSP (ST75C502), the 
second being the ST7544 MAFE. Emphasis has 
been put on performance and size/power con- 
sumption for portable applications. 


This product gives a high performance modem 
conformant to ITU-T recommendations V.32bis, 
V.17, V.33, V.32, V.29, V.27ter, V.22bis, V.22, V.21 
and V.23. Also Bell 212A and 103. 


As a data modem the ST75C502 can operate at 
14400, 12000, 9600, 7200, 4800, 2400, 1200, 300 
or 75 bits per second as standard. As a fax, the 
ST75C502 fully supports group 3 send and receive 
speeds of 14400, 12000, 9600, 7200, 4800 and 
2400 bits per second. 


Programmable features allow the product to be 
tailored to a wide range of high speed modem 
requirements.In addition, to add to the flexibility of 
this product, the customer can develop, ona similar 


Il - PINCONNECTIONS 
ll.1 - ST7544CQFP Top View (TQFP44) 


, 
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hardware platform to the standard product, proprie- 
tary code for ROMing into the memory of the DSP. 
If required, ability to access external memory of up 
to 64K x 32 is given such that customer specific 
modes of operation can be added and easily up- 
dated.Code development is made simple via a slot 
in PC development card and is fully supported by 
SGS-THOMSON (ST1I8933 PC-EMU). 


The voice mode allows for implementation of en- 
hanced telephony functions such as answering 
machines. 


For customer specific code requiring access to 
external memory, a 160 pin flatpack containing the 
DSP and a 44 pin flatpack containing the MAFE are 
also available (type numbers ST18933 and 
S1T7544 respectively). 


Further information on the DSP (ST1I8933) and 
MAFE (ST7544) can be found in the relevant 
datasheets 
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11.2 - ST75C502CQFP Top View (TQFP80) 
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lI.3 - ST18933PQFP Top View (PQFP160) 
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lll - PIN DESCRIPTION 
See Figure F2 in appendix F for complete schematics. 


lll.1 - Host Interface 


The exchanges with the control processor proceed through a 64 Bytes DUAL port RAM shared between 
the DSP and the Host. The pins associated with this interface are : 


| PinName |Type| SS Ciescription 
$D0..SD7 /O | System Data Bus. 8-bit data bus used for asynchronous exchanges between the ST75C502 
and the Host through the DUAL port RAM. High impedance when exchanges are not active. 
SA0..SA6 ie ia System Address Bus. 7-bit address bus for DUAL port RAM. 


SDS (SDS) System Data Strobe. Active low. Synchronizes all the exchanges. In Motorola mode initiates 
the exchange, active low. In Intel mode initiates a read exchange, active low. 


SR/W (SWR) System Read/Write. In Motorola mode defines the type of exchange read/write. In Intel mode 
initiates a write exchange, active low. 
a System Chip Select. Active low. 
SDTACK Or] System Bus Data Acknowledge. Active low. 


SINTR er System Interrupt Request. Active low. This signal is asserted by the ST75C502 and negated 
by the Host. 


RESET aoe ae Reset. Active low. 
| RING | I Ring Detect Signal. Active low. 
INT/MOT eel Select Intel/Motorola Interface. 


111.2 - Serial Interface 


The transmit and receive synchronous data exchanges between the DSP and microprocessor can pass 
via the Simplified Synchronous Serial Interface. Two pins are allowed for the data : 


PinName [Type] escription 


|  pR2 | O | Synchronous Data Output 
| px2 | 1 | Synchronous Data Input 


11.3 - Auxiliary Interface 


A set of auxiliary signals are provided to simplify the DAA Interface. This is made by a three line General 
Purpose Parallel Input/Output. 


TPinName [Type] ——=Ss~<~*~*~S~S*S*S«é scription —SSSSCSC“~*~“~*~S~S~S 
PO | VO |ParaletmpwOuptOSSSC~C~<“~*~“~“<CS*tS 
Pt | vO | ParatetnpwvOuputt ——~C~C~“‘~*~*~*~“‘~‘“S*S*~*~“‘~‘“s~“<C<CS*S*SCS*SY 
pee [WO [ParaletinpwOuput2@—SC~C~“‘~“*~“‘“‘~‘*~‘“‘*“*“‘“‘~“*S*~*~‘—s*~S~S*~S~*™ 


11.4 - Miscellaneous 


"Piname [Type] —~=SCSC~“~“~*~*~i pM 
[xTaL [0 | intemal oscilator Ouput Leftopeninotused. ——SSSCSC~S~S 
/EXTAL [1 | Internal oscilatorinput,orExtemal Clock ——SSSOSCS~S~S~S~S 

CLKOUT [0 | Intemal clock (XTAL frequency divided by2) SSS 


Note: The nominal external clock frequency of the DSP is 36.864MHz. The nominal extemal clock frequency of the MAFE is 18.432MHz 
with a precision better than +5.10° (and ts output from the DSP on the CLKOUT Pin). 
When tn Sleep Mode the CLKOUT clock is not available. 
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Il.5 - Mafe Interface 
A set of signals is use for interconnection between the DSP and the Analog Front End. 


ee eserntom 


CosP 
[pa | WRESET | Resetofthe Analog Frontend ~——~—~SCSC~“‘S*S*S*SC“~“~<“<CSCS 
[FS0_| FSR | Receive Serial Frame Synchro —~=~SC~“‘“‘“~*S*S*“‘“*~*~“<SCS*S 
oxo [XDI | Receive SeralvOmput——SSSOSCSC~C~S~“~*~*~“~*~S~S~S~S 
- pro” | AXDO | Receive Serial 0 Output ——SCSCSCSC~“~“~*“<“<CSCSt 
BCL ve B 


DX0 
“Fst | FSX | Transmit Serial iO Frame Synchro ——~=~C~C~“‘“‘*~*~“‘“‘“‘“<~SC*~*SCSCS*” 
[prt | Tx00 
TXCLK 
7 BEO | AXRCLK |ReceveBaud Cock —=—=~=~*~“‘S~SC*™;#*™*™S™OO™O~OOOOOOCOCS 
[BE | TKRCLK | TransmitBaudGock ——S=C=C~=~“‘*‘“*~*“‘“S*S*S*S*SC<~C~C~CS 


111.6 - Power Supply 


| PinName | Number | ———SCSCSCSCéescripticm = 
Vop +5V Supply (Pins 10, 24, 26, 38, 48, 50, 51, 56, 60, 76, 78) 
OV (Pins 9, 11, 25, 37, 41, 49, 57, 61, 70, 71, 77, 79) 


Ill.7 - Boundary Scan Interface 


A set of 13 signals are dedicated for Testing the DSP. These signals can be used in a development phase, 
associated with SGS-THOMSON ST18932 Boundary Scan Development Tools, to Debug the application 
Hardware and Software. Input signals must be grounded. 


"Piname | type | —SSS~C~S~S~ serps SSSSC=‘“~*~*~*~*~*d 
1 [Senda 
en Sees ee 
[0 [Scan Data Quip’ ——SCSC~“‘“‘*~S*S*SC‘“‘t‘“‘“‘“‘“<C 
[1 [Begin of can Control —OCSC~C~“‘“‘S*S*C“‘SCSCSCSS 
pr fendorsean SSS 

rwico.mez [| WodeConol ~——~SC~C~“‘“*S*~“‘SCSCSC“‘“S*S*S‘“‘“~*Ss~“‘“<CS 
[oO 
ao 
od 
Le 
Pei 
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IV. - ELECTRICAL SPECIFICATIONS 


Unless otherwise specified, electrical characteristics are specified over the operating range. Typical value 
are given for Vpp = +5V and Tamb = 25°C and for nominal crystal frequency of 36.864 MHz. 


IV.1 - Maximum Ratings (referenced to GND) 


TSymbot | —~—S~S~*~S~S~ rameter SSSSSCSC~dCSCS*~« WY 


| lo | Digital OutputCurrent Om 
—1__| Operating Temperate ——_{__o.s79_|_¢_ 
|_Tsty | Storage Temperature (plastic) | A125 | 
[Pei [Maximum PowerDissipation ——SSSSCS~dCSC“C~*~sSSCSSSSC*SC 


Stresses above those hereby listed may cause damage to the device. The ratings are stress related only and functional operation of the device 
in conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to maximum rating conditions for 
extended periods may affect device reliability. Standard MOS circuits handling procedure should be used to avoid possible damage to the 
device. 


IV.2 - DC Characteristics 


Vpp = 5V + 5%, GND = OV, Ta = 0 to 70°C (Unless otherwise specified). 
IV.2.1 POWER SUPPLY AND COMMON MODE VOLTAGE 


symbol | ———SSSSSCarameter—=SSSS~*~*~rCn | “Typ. | ‘Max | Ont 
[Veo | Suppyvotage SSCS 
[too [Sup Curent aa 
ep ma 


IV.2.2 - Digital Interface 
All digital pins except XTAL pins. 


| Symbol | Parameter | Mins | Typ. | Max, | Unit 
| Vi | LowLevelinputVotage OS | | 
| Vn | HighLevelinputVottage fe || 
Poh | Input Current Vi = Vop or Vi = GND | -10 | O | +10 | pA | 
| Von | High Level Output Voltage (ILoap = 2mA) Ea hae a 
| Vo. _| Low Level Output Voltage (ILoap = 2mA) a ae ce 
loz | Three State Input Leakage Current (GND<Vo<Voo)——+| 1] 0 | 10 | pA 
| Ow | imputCapacitance 


IV.2.3 - Crystal Oscillator Interface (XTAL, EXTAL) 


[Symbol [———~—~—~S~Sarameter——SSSSCS~*~drCSn | Typ | Max | Unit 
[Vu [owtevelnputVotage——SC=‘“‘“sS*S*C‘“‘“~*S*é~sSC‘“‘“;SSC*d Cw TC 
[Vn [High Level nputVotage ——OSC“‘~‘“*“‘“‘*‘~*~*~‘“ SPSS 
P| Low Level input Gurent GND<VicVine ——SSSCSCS~CS~tC | 
[Ww [ High Level Input Current Vieon <VicVoo———SSSS=~idC 2] 
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IV.3 - AC Electrical Characteristics 
IV.3.1 - Dual Port Ram Host Timing 


Figure 1 


WRITE-CYCLE TIMING READ-CYCLE TIMING 


SA[0..6] Valid Address Valid Address 


Motorola mode 


Valid Data 
‘ IN '‘ 


NSDTACK 


NSINTR 


SR/NW (= NWRITE) 


Intel mode 


Number [Ss eription——SSS~*drSCns | Typ, | Maes | Uni 
[1 [aderess and ConttolSeupTime ——SSSSSC—~S 
[2 | SDTACK Acknowledge SSSCSCSC~“~S*~“~*S*~—~sSSSSC 
3 [bata SetupTime 
[a [Adress and ContoitoldTime —=~=~=“‘*‘“*“‘*‘~*~sC*C*dSC‘“‘(;SC*d;SCns 
ee 
[6 [SoTACKHoldTime ——SSOSC~C~—~SC‘“~SsS~S Ps 
a 
/ 8 | Access inhibtion High Sate) ———=~C~“~*~“~*~*~“*~“~*~*~*~dC OCS 
a 
[40 [Read Data Access. ——SC=“‘“‘*~*‘“‘SCS™S™C*™*~*st;SC*~*d 
[11 [ SINTR Clear Delay —SOSCSC—~—“~S~“~“~“<S~SsS 
[12 | Data Vaidto Triste ——SCSC~=“*‘“*S*~“‘“~S*S*S*SC“C~—rCStSCS 


Note 1: n cen delay of 70ns is required only from the rizing edge of NWRITE to the falling edge of the next selected NREAD or 
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1V.3.2 - Serial Interface Timing 
Figure 2 


BCLKR2 


Valid Data In 


BCLKX2 


a 
[4 [DRA BOLKRG Setup Time SSSCSCS~S 
[2 [Dre to BCLKRe HoldTime Sd to ns 
[8 | BX2 Valid to BCLKX2 Delay Time SSCS 000s 
[4 | Dx@ to BCLKX2 Hold Time, DX2 Signal is HighZ Just After Reset |_o | [ [ns 


75C50205 EPS 
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V - FUNCTIONAL DESCRIPTION 
V.1 - System Architecture 


The system is based on a two-chip set. The first 
chip is the ST75C502 dedicated DSP handling all 
the signal processing routines for transmission, 
reception and echo cancellation on’ modem sig- 
nals. It also holds the tone generators and detec- 
tors. Alternately the ST18933 DSP is available for 
customer specific operations. The second chip is 
the ST7544 delta-sigma MAFE, which performs the 
AD/DA conversions as well as the signal pre or 
post-filtering, and the sampling interpolation on the 
echo cancellation path. 


The chip set allows the design of a complete 
V.32bis data-pump without any external compo- 
nent. A versatile dual port RAM allows an easy 
interface with most popular micro-controllers. 


V.2 - Chip Set Interconnect Circuitry 


Please refer to appendix F for a detailed schematic 
of the chip set interconnect circuitry. 


V.3 - Operation 
V.3.1 - Modes 


The modem implementation is fully compatible with 
many popular ITU-T and Bell recommendations. 
The modulation can be either Trellis Coded Modu- 
lation (TCM) as in V.33 14400, 12000, V.32bis 
14400, 12000, 9600, 7200, V.32 9600 bps rates, 
Quadrature Amplitude Modulation (QAM) as in 
V.32bis 4800, V.32 9600, 4800, V.22bis 2400, Dif- 
ferential Phase Shift Keying (DPSK) as in V.22 
1200, Bell 212A 1200 bps rates, or Frequency Shift 
Keying (FSK) as in V.21, V.23 and Bell 103 modes. 
Both the bit rate and the treillis options are deter- 
mined during the initial modem handshake se- 
quence. V.29, V.27ter and V.17 are also available 
for FAX transmission. Other modes of operation 
include tone and DTMF detection or generation 
and voice mode. 


V.3.2 - Transmitter Description 


The signal pulses are shaped in a dedicated filter 
combined with a compromise transmit equalizer 
suited for transmission over strongly distorted lines. 
2 different compromise equalizers are available 
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and can be selected by software. User defined 
transmit equalizers can be downloaded in the DSP 
RAM. 


V.3.3 - Echo Canceller Description 


The echo canceller consists of a near end and a far 
end echo canceller. Both are fractionally spaced 
and achieve a high cancellation of the echo paths. 
The receive signal reconstruction is purely digital 
by virtue of the MAFE architecture. The far end 
echo requires either an external low cost 8kx8- 
100ns memory (for the customisable product 
ST18933), or the allocation of an equivalent amount 
of RAM in the controller memory space. It also 
sustains up to 10Hz of frequency offset on the far 
end echo path without degradation of performance. 


V.3.4 - Receiver Description 


The receiver section handles complex signals and 
uses a fractionally spaced complex equalizer. It is 
able to cope with distant modem frequency drifts 
up to 107 as specified in the ITU-T recommenda- 
tions. It also compensates for phase jitter at multi- 
ple and simultaneous frequencies. 


V.3.5 - Tone Generator Description 


Four tones can be simultaneously generated by the 
ST75C502. The tones are determined by their 
frequencies and by the output amplitude level. Aset 
of specific command is also available for DTMF 
generation (using two of the four generators avail- 
able). 


V.3.6 - Tone Detector Description 


16 tones can be simultaneously detected by the 
ST75C502. Each of the tones to be detected is 
defined by the coefficients of a 4th order program- 
mable IIR. Detection thresholds are also program- 
mable from -45dBm up to -10dBm. 


V.3.7 - DTMF Detector Description 


A DTMF detector is included In the ST/75C502, it 
permits detection of valid DTMF digits. A valid 
DTMF digit is defined as a dual tone with total 
power higher than -35dBm, duration greater than 
40ms and differential amplitude within 8dB (posi- 
tive or negative). 
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V.3.8 - Voice Mode Description 


The ST75C502 voice mode allows the implemen- 
tation of enhanced telephony functions such as 
answering machines. Incoming samples (7200HZz) 
from the line are PCM-A-law coded and are written 
into the dual port RAM. The outgoing samples are 
decompressed using the same A-law and are out- 
put to the telephone line. 


The voice mode is entered using a CONF com- 
mand, it can be either transmit voice from the dual 
RAM Tx buffer to the telephone line, receive voice 
from the telephone line to the dual RAM buffer, or 
both of these functions simultaneously. The format 
of the signal is A-law coded without complementa- 
tion of the even bits. The buffer mechanism, be- 
tween the host micro-controler and the ST75C502 
is identical to the mechanism used for parallel data 
exchanges except that it starts immediately after 
CONF command, the size of the transmit and 
received buffer, are and must be 8 bytes, there is 
no need for a XMIT command, and if an overrun or 
underrun condition occurs no error will be reported 
to the host processor. 


V.3.9 - Analog Loop Back Test Mode 

In any transmission standard and any data format, 
the ST75C502 can be configured for analog loop 
back test 


V.3.10 - Digital Loop Back Test Mode 

These loop back modes comply with the test loop 
2 of the ITU-T V.54 recommendation for V.32 and 
V.32 bis. For V.22 and V.22 bis the digital loop back 
modes comply with these recommendations. 


V.3.11 - Low Power Mode 


When entering the low power mode all the pe- 
ripherals of the DSP core are stopped in order to 
reduce the power consumption, the ST7544 is set 
in low power mode. The dual RAM is made inac- 
cessible. 


A hardware RESET must awake the ST75C502. 


V.3.12 - Reset 

After a hardware RESET, or an INIT command, the 
ST75C502 clears all its internal memories, clears 
the whole DUAL RAM and starts to initialize the 
ST7544 Delta Sigma Analog converters. As soon 
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as these initializations are completed, the 
ST75C502 clears the DUAL RAM address 0 (COM- 
SYS), generates an interrupt IT6 (command Ac- 
knoledge) and is programmed to send and receive 
tones, the bit clocks are programmed to 9600Hz. 
The transmit sample clock is set to 7200Hz and the 
receive sample clock to 9600HZz. 


The total duration of this "cold" RESET sequence 
is about 500ms. After that time the ST75C502 is 
ready to execute commands sent by the host mi- 
cro-controler. Be carrefull that any command send 
in this reset time will be lost. 


The minimum duration of the RESET signal is 
700ns. 


In order to speed up the RESET time, a "Warm" 
initialization is possible using the INIT 01 com- 
mand ; in this case the RESET time is less than 
10ms ; the only difference is that the ST7544 is not 
initialized again. 


V.4 - Modem Interface 

V.4.1 - Analog Interface 

The modem designer must provide a proper hybrid 
interface to the ST7544. An example of hybrid 
design is given in appendix F (see Figure F1). The 
inputs and outputs of the MAFE are differential, 
thus achieving better noise immunity. 


V.4.2 - Host Interface 


The host interface is seen by the micro as a 64x8 
RAM, with additional registers accessible through 
an 7-bit address space. This RAM can be used for 
data transmission using the SERIAL command. 


V.4.3 - Auxiliary Parallel Interface 


The auxiliary parallel interface is a general purpose 
3-bit parallel interface, which carries various sig- 
nals, used by the controller and the analog part of 
the modem. Each pin can be independently pro- 
grammed for input or output. 


V.4.4 - Auxiliary Serial Interface 


The auxilliary serial interface is a serial synchro- 
nous I/O, which carries the bit data flow. 


V.4.5 - Eye Pattern Converters 


The output from these two D to A converters on 
ST7544 provides direct display of the constellation. 
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VI - USER INTERFACE 
VI.1 - Dual Port Ram Description 


The dual port RAM is the standard interface be- 
tween the controller and the ST75C502, for either 
commands or data. This memory is addressed 
through a 7-bit address bus. The locations from $00 
to $3F are RAM locations, while locations from $40 
to $50 are control registers dedicated to the inter- 
rupt handling. 


Several functional area are defined in the dual port 
RAM, namely : 

- the command area, 

- the report area, 

- the status area, 

- the bulk delay exchange area, 

- the data buffer areas. 


VI.1.1 - Mapping 
VI.1.1.1 - Command Area 


The command area is located from $00 to $04. 
Address $00 holds the command byte COMSYS, 
and the four next locations hold the parameters 
COMPAR)0..3]. The command parameters must 
be entered before the command word is issued. 
Once the command has been entered, the com- 
mand byte is reset and an acknowledge report is 
issued. A new command should not be issued 
before the acknowledge counter COMACK is incre- 
mented. The command exchange rate has a maxi- 
mum of 2400Hz. 


VI.1.1.2 - Report Area 


The report area is located from address $05 to 
address $07. Location $05 holds the acknowledge 
counter COMACK. Each time a command is ac- 
knowledged, the report bytes COMREP[O..1] (if 
any) are written into locations $06 and $07, and the 
content of COMACK is incremented. This counter 
allows an acurate monitoring of the command proc- 
essing by the ST75C502. 
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V1.1.1.3 - Status Area 


The status area is located from address $08 to $0A. 
The error status word SYSERR is located at ad- 
dress $08. This error status word is updated each 
time an error condition occurs. An optional interrup- 
tion ITO may be triggered as well in the case of an 
error condition. Locations $09 and $0A hold the 
general status bytes STATUS[0..1]. The meaning 
of the bits depends of the mode of operation, and 
is described in Appendix B. The third byte at ad- 
dress $0B holds the Quality Monitor byte STAQUA. 


VI.1.1.4 - Optional Status Area 


The user can program (through the DOSR com- 
mand) the three locations STAOPT[O..2] of the 
Optional Status Area ($0C to $0E) for the real time 
monitoring of three arbitrary memory locations. 


VI.1.1.5 - Bulk Delay Exchange Area 


This area is reserved for V.32 / V.32bis storage of 
Far End echo canceller symbols. Refer to Appendix 
H and application note. 


This area has two sub-sections :a flagging section 
(SOF to $13) and a bulk data area ($14 to $1B). 


Location $0F holds the bulk data buffer status SYM- 
STA. Locations $10 and $11 (resp. $12 and $13) 
contain a pointer to the bulk data buffer SY- 
MADRJO..1] (reso. SYMADT[(O..1]), in the controller 
space, which should receive (resp. send) the next 
group of 8 delayed symbols. The ST75C502 man- 
ages thus an area of 4k bytes in a circular addressing 
mode inside the controller memory space. The buffer 
SYMBUF[O..7] containing the symbols received or 
sent to the controller is located from $14 to $1B. 


VI.1.1.6 - Data Buffer Area 


The Data Buffer Area is made of two double 8-byte 
Buffers. Each of the four buffers is attached to a 
status byte. This status byte contains the number 
of valid Data Byte inside the Data Buffer. Within 
each buffer, DO represents the first bit in time. 
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VI.1.2 - Interruptions 


The ST75C502 can generate 6 interrupts for the 
controller. The interrupt handling is made with a set 
of registers located from $40 to $50. 


The interruptions generated by the ST75C502 
come from seven different sources. Once the 
ST75C502 rises an interrupt, a signal is sent to the 
controller. The controller has then to process the 
interrupt and clear it. The interrupt source can be 
examined in the Interrupt Source Register ITSCRC 
located at $50. According to this status byte, the 
interrupt source can be determined. Then, writing 
a zero at one of the memory location $40 to $46 
(Reset Interrupt Registers ITREST{(0..6]) will reset 
the corresponding interrupt (and thus acknowledge 
it). These six sources of interruptions can be 
masked globally or individually using the Interrupt 
Mask Register ITMASK located at $4F. 


The 7 series interrupt sources are : 


ITO Error/Warning: an error has occurred and the 
error code is available in the error status byte 
SYSERR. This byte can be selectively 
cleared by the CSE command. 

IT1 Bulk Delay : the bulk delay buffer requires an 
action from the controller, for emptying it and 
for filling it with symbols. 

IT2 1x Buffer : each time the ST75C502 frees a 
buffer, this interrupt is generated. 

IT3 Rx Buffer: each time the ST75C502 has filled 
a buffer, this interrupt is generated. 

IT4 Status Byte : the modem status byte has 
changed and has to be checked by the 
controller. 

IT6 Command Acknowledge: the ST75C502 has 
read the last command entered by the host, 
incremented the command counter 
COMACK, and is ready for a new command. 


anon [x [08] x [04] 9] 02] 05 [00 


DO=1 ITO Pending 
D1=1 IT1 Pending 
Dn=1  ITn Pending 


mask [07] 65] x [5% [05] be] 61 [60 
D7 and DO =1 ITO Enabled 


D7 and D1 =1 IT1 Enable 
D7 and Dn =1 ITn Enabled 
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VI.1.3 - Host Interface Summary 


Address hace Size 


COMMAND AREA 


$01-$04 | Command 4 | COMPAR(O..3] 
Parameters 
REPORT AREA 
Acknowledge 1 COMACK 
Counter 
506507 CONFER. 1 


STATUS AREA 


BULK DELAY AREA 


Symbol Buffer 1 SYMSTA 
Status 

$10-$11 | Symbol Rx 2 SYMADR(O..1] 
Buffer Pointer 

$12-$13 | Symbol Tx 2 SYMADT(0..1] 
Buffer Pointer 


$14-$1B | Symbol Buffer | 8 | SYMBUF(O..7] 


DATA AREA 


SiC Data Rx Buffer 0 1 DTRBSO 
Status 
Data Rx Buffer 1 1 DTRBS1 
Status 
Data Tx Buffer 0 1 DTTBSO 
Status 

$37 Data Tx Buffer 1 1 DTTBS1 
Status 


[$1028 | Data ReBufero |e | DTRBFOD.7|_ 
[326-820 | Data Rx Bufer1 | 8 | OTREFAIO.71_ 
[s2F-$96 [Data TxBufer0 | 8 | DTTBFO(O.71 
[seesaF | Data TxButert |e [DTTBFIfO.71_ 


INTERRUPT AREA 


$40-$46 | Reset Interrupt 7 ITREST(O..6] 
Register 
Interrupt Mask 1 ITMASK 
Registe 
Bd 


Interrupt Source ITSRCR 
Register 
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ViI.2 - Command Set 


The Command Set has the following attractive 
features : 


- user friendly with easy to remember mnemonics. 

- possibility of straight forward expansion with new 
commands to suit specific customer require- 
ments. 


- easy upgrade of existing software using previous 
modem based SGS-THOMSON products. 


The command set has been designed to provide 
the necessary functional control on the 
ST75C502. Each command is classified accord- 
ing to its syntax and the presence/absence of 
parameters. In the case of a parametric command, 
parameters must first be written into the dual port 
RAM before the command is issued. Acknowledge 
and error report is issued for each command en- 
tered. 


VI.2.1 - Command Set Summary 
VI.2.1.1 - Operational Control Commands 


INIT Initialize. Initialize the modem chipset. Set 
all parameters to their default values and 
wait for commands of the control 
processor. Parametric command. 

IDT Identify. Return the product identification 
code. Non parametric command. 

SLEEP Turn to Low Power Mode. The modem 
engine issues a control signal to the 
MAFE in order to switch to Sleep Power 
Mode, then switches itself into Sleep 
Power Mode. Non parametric command. 
Handshake. Begins the handshake 
sequence. The modem chipset carries all 
the steps defined in the ITU-T 
recommendations. A status report 
indicates to the control processor the state 
of the handshake and the final negotiated 
transmission bit rate. This command only 
applies to modes where a handshake 
sequence is defined. A CONF command 
must have been issued prior to the use of 
HSHK. Non parametric command. 
Retrain. Start sending the retrain 
sequence as specified in the ITU-T 
recommendation. This command only 
applies to modes where a retrain 
sequence is defined. In V.32bis, this 
command also initiates the rate 
negotiation sequence. Parametric 
command. 


HSHK 


RTRA 
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CSE Clear Status Error. Selectively clears the 
Error status byte SYSERR. Parametric 
command. 

SETGN Set gain. This command sets the global 
gain factor, which is used for the transmit 
samples. Parametric command. 

STOP FAX Stop. Stop FAX half duplex 
transmitter. Non parametric command. 

SYNC FAX Synchronize. Start/Stop of FAX half 
duplex receiver. Parametric command. 


V1.2.1.2 - Data Communication Commands 


XMIT Transmit data. Enable/disables the 
transmission of data in parallel mode. 
After a XMIT command, the ST75C502 
sends the data contained in its dual port 
RAM. Parametric command. 

SERIAL This command selects the data source, i.e. 
either parallel or serial. The parallel mode 
uses a part of the dual port RAM as a double 
buffer. The serial mode uses the serial 
synchronous I/O. Parametric command. 


VI.2.1.3 - Digital Loop Back Commands 


V54 V.54 Digital Loop Back. Enables/Disables the 
transmission and reception of V.54 patterns. 
This command must be used only in V.32 bis 
or V.32 mode. Parametric command. 
V.22/V.22 bis Digital Loop Back. 
Enables/Disables the transmission and 
reception of V.22 Loop 2 patterns. This 
command must be used only in V.22 bis 
or V.22 mode. Parametric command. 
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VI.2.1.4 - Memory Handling Commands 


MW Memory Write. This command is used to 
write an arbitrary 16-bit value into the writable 
memory location currently specified by a 
parameter. Parametric command. 

MR Memory Read. This command allows the 
controller to read any of the RAM locations 
without interrupting the processor. 
Parametric command. 

CR Complex Read. This command allows the 
controller to read at the same time the real 
and imaginary part of a complex value 
stored in a double RAM location. This 
feature is very interesting for eye pattern 
software control as well as for 
equalization monitoring. This command 
insures that the real and imaginary part 
are sampled in the memory at the same 
time (integrity). Parametric command. 
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V1I.2.1.5 - Configuration Control Commands 


CONF 


MODC 


BULK 


DOSR 


DSIT 


PPS 


PPR 


Configures. This command configures the 
modem chipset for data transmission and 
handshake procedures (if any) in any of the 
supported modes. The transmission 
parameters are set to their default values and 
can be modified with the MODC command. 
This command also defines the parameters 
in the case of an automatic standard 
recognition and the boundaries of the speed 
negotiation. Parametric command. 


Modify Configuration. This command 
allows modification of part of the 
parameters set up by the CONF 
command. Parametric command. 


Define Symbol Bulk Management. This 
command selects the dual port RAM 
symbol management, in V.32bis and V.32 
modes. Parametric command. 


Define Optional Status report. This 
command allow the modification of the 
optional status report located in the status 
area of the dual port RAM. One can thus 
select a particular parameter to be 
monitored during all modes of operation. 
Parametric command. 


Define Status Interrupt. This command 
allows the programmation of the status 
word bit that will generate an Interrupt to 
the controller. Parametric command. 

Parallel Port Set. This command allows 
the modification of the parallel port 
configuration. Each of the four bits of this 
port can be programmed either as an input 
or an output. Parametric command. 


Parallel Port Read. This command reads 
the value of the 4-bit parallel port. The 
value is read whether it is an input or not. 
Non parametric command. 


PPW 
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Parallel Port Write. This command writes 
a 4-bit value into the parallel port. The bits 
are masked according to their input/output 
status. Parametric command. 


V1.2.1.6 - MAFE Control Commands 


WMR 


Write MAFE register. Causes the DSP to 
write a parameter into a MAFE register. 
Parametric command. 


VI.2.1.7 - Tone Generation Commands 


TONE 


DEFT 


TGEN 


Select Tone. Programs the tone 
generator(s) for the desired default 
tone(s). Additional mnemonics provide 
quick programming of DTMF tones or 
other currently used tones. Parametric 
command. 

Define Tone. Programs the tone 
generator(s) for arbitrary tone synthesis. 
Parametric command. 

Tone Generator Control. Enables or 
disables the tone generator(s). 
Parametric command. 


IV.2.1.8 Tone Detection Commands 


TDRC 


TDWC 


TDRW 


TDWW 


TDZ 


Read coefficients of tone detection cell. 
Parametric command. 


Write coefficients of tone detection cell. 
Parametric command. 


Read wiring of tone detection cell. 
Parametric command. 


Write wiring to tone detection cell. 
Parametric command. 


Clear the values of tone detection cell. 
Parametric command. 
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VI.2.2 - Command Set Short Form 


| Mnemonic | Value | __—Description 
HandSHaKe 
RTRA ReTRAin 
INIT | OXO6 | INITialization 
| MR | 0X10 |MemoryRead 
| PPS | OX15 |ParallelPortSet_ 
| PPR | OXi6 |ParallelPortRead 


management 


V22L2 Enable/Disable V.22 Loop2 
STOP OX25 | FAX STOP Transmitter 


VI.2.2.1 - Miscellaneous Commands 
CALL Call a Subroutine. Call a Subroutine with 
one parameter. 


JSR Call a low level Subroutine. Call an 
internal subroutine with one parameter. 


VI.3 - Status - Reports 
VI.3.1 - Status 


The ST75C502 has a dedicated status reporting 
area located in its dual port RAM. This allows a 
continuous monitoring of the status variables with- 
out interrupting the DSP. 

The first status byte gives the error status. Issuing 
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of an error status can be also flagged by a mask- 
able interrupt for the controller. The signification of 
the error codes is given in Annexe B. 

The second and third status bytes give the general 
status of the modem. This two byte status can 
generate, when a change occurs, an interrupt to 
the controller; each bit of that two byte word can be 
masked independently. 

The fourth byte gives, in real time, a measure of the 
reception quality. This information may be used by 
the controller for retrain purpose. 

Three other locations are dedicated for custom 
status reporting. This status includes, for example, 
the handshake phase, the negotiated data rate, 
and other items described in Annexe B. The con- 
troller can program the ST75C502 for a real time 
monitoring of any of its internal RAM location. High 
byte or low byte of any word can thus be monitored. 


VI.3.2 - Reports 


The ST75C502 features an acknowledge and re- 
port facility. The acknowledge of a command is 
monitored by a counter COMACK located in the 
dual port RAM. Each time a command is executed 
from the command area, the ST75C502 will incre- 
ment this counter. For instance, when a MR (Mem- 
ory Read) command is issued, the data is first 
written in the report area, and the counter is incre- 
mented afterwards. This way of processing insures 
the data integrity as well as an additional synchro- 
nization between the controller and the data pump. 


Vi.4 - Data Exchange 


The ST75C502 accepts two kinds of data ex- 
change : Parallel synchronous through the DUAL 
RAM or SERIAL synchronous. Detailed description 
of the Data Buffer Exchange modes of operation is 
available in Appendix H. 


VI.4.1 - Parallel Data Mode 
V1.4.1.1 - Transmit 


The controller must first fill at least the first buffer 
of data (Tx Buffer 0) with the bits to be transmitted. 
In order to perform this operation, the controller 
must first check the Tx Buffer O status word 
DTTBSO. If this buffer is empty, the controller fills 
the data buffer locations (up to 8 bytes), and then 
writes in DTTBSO the number of bits contained in 
the buffer. The controller can then either proceed 
with the second buffer or initiate the transmission 
with a XMIT command. 

The ST75C502 copies the contents of the data 
buffer and then clears the buffer status word in 
order to make it again available. The number of 
bytes specified by the status word is then queued 
for transmission. The process goes on with the two 
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buffers untilan XMIT command stops the transmis- 
sion. After the finishing XMIT command has been 
issued, the last buffers are emptied by the 
ST75C502. 

Error occurs when both buffers are empty while the 
transmit byte queue is also empty. Error is signalled 
with an interruption to the controller through the 
SYSERR register. 


VI.4.1.2 - Receive 


The controller should take care of releasing the Rx 
buffers before the Data Carrier Detect goes true. 
This is made by writing a zero in the Rx Buffer 
Status 0 and 1. The ST75C502 then fills the first 
buffer, and once filled sets the status word with the 
number of bytes received. It then takes control of 
the second buffer and operates in the same way. 
The controller must check the status of the buffers 
and empty them. Once the data is read, the con- 
troller must release the used buffer and wait for the 


Table 1 : Modem Modes 


Carrier 


V.32bis QAM 1800 
TCM 


] 


‘ Data Baud Bits : 
Modulation Frequency Rate | or symbol per renee TxCLK | RxCLK 
(Hz) (Bps) | per second | symbol P 


a 
By 
jo) 
Oo 
MoAROO 
— 

Oh 

Nh OO 


6 
4 
V.32 1800 9600 2400 32, 16 9600 | idem 
4800 4 4800} TxCLK 


ae) 


}1300,2100 | 1200/1200) i] =| 7200/ 9600 
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next buffer to be full. Interrupts are available for an 
additional flagging of these events. 

Error occurs when both buffers are declared full, 
and incoming bytes still arrive from the line. 
Synchronous Data Buffer Exchanges are de- 
scribed in Annex H. 


VI.4.2 - Serial Exchanges 


The second mode of operation for data exchanges 
is the Serial Synchronous Mode. In this mode, the 
data I/O is made through a pair of dedicated hard- 
ware pins (DR2, DX2). 


VI.4.3 - Mafe Clocks 

The MAFE generates all the transmit and receive 
clocks necessary for the modem application, some 
of them are to be also connected to the ST75C502 
(see Table paragraph III.5 - MAFE INTERFACE). 
For more detailed information, please, refer to the 
ST7544 Data Sheet. 


n 
64 
1 


MwA 


wos 


16 2400! idem 
4 1200] TxCLK 
16 2400] idem 
4 1200} TxCLK 
4 1200} idem 
TxCLK 
2 4 1200] idem 
TxCLK 


Ok 
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APPENDIX A: COMMAND SET DESCRIPTION | 


Commands are presented according to the following form : 


COMMAND - Command name meaning 


Opcode : hexadecimal digit 


Synopsis 
Short description of the functions performed by the command 


Parameters 


Field [Byte [Pos.[Vaue[—~—~S~S~S nition SSSC~—~S~S~S 
[fm |Defautvaue—SSSCSSCSC“‘“~SsS*~“~*~s*s*s~“~S~S 


Field: | Name of the addressed bit field. 

Byte: Index (or address in the dual port RAM) of the parameter byte (from 1 to 4). 

Pos.: Bit field position inside the parameter byte. Can either be a single position (from 0 to 7, 0 being 
LSB) or a range. 

Value: Possible values for the bit (resp. bit field). range means all values are allowded. A value followed 
by a star means a default value. Values are expressed either under the form of a bit string, or 
under hexadecimal format. 


Command : 


BULK - Define Symbol Management 


Opcode : 22 
0 Oe) Ate Oi 20s Wl IO 


Synopsis 

BULK allows the use of the DUAL RAM symbol area. This additional task into host firmware is only needed 
in V.32/V.32bis mode. This mode of operation is mandatory. 

In this command the user sets the virtual memory base address and the top memory address (the base 
address must be on a 8 byte boundary and the top address on a 8 byte boundary - 1 eg : Ox67FF) of the 
MCU memory space reserved for BULK DELAY symbols storage. 


. tite oo 
0 |__| High byte of the base adcress———SSC~S~S 
“0 | | Low byte ofthe top memory address ——SOSCSCS~ST 
0 |__| High byte ofthe top memory address ——OSCSC~“~*‘“~*~*~“~*~*~*S~*S 


(required capacity in MCU memory space is 2400 x d (d = BULK DELAY in seconds)) 


Parameters 


[Fed [ovo | 


N 
ro) 


N 
fo) 


™~ 
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CALL - Call a subroutine 


Opcode : 19 
oe ee ee ee 


Synopis 
CALL allows to execute a part of the DSP firmware with a specific argument. 


Parameters 


/ Field [Byte [Pos [Vaue[ ~~ ntiomSSSC~*d 
FEADDRL | 1 [7.0|  [Lowbytecfthecaladress ——SSCSC“*‘“~*S*~“~*~S~S~S~*S 
TCADDRH | 2 [7.0 | | Highbyte ofthe calladcress—=—SC~“~*~“~*~“*~*~*~*~S*S~S*S 
[-DATAL | 8 [7.0 | | Lowbyte ofthe argument SSS 
PCDATA [4 [7.0 | [Highbyte ofthe argument —SSOSCS~—~S~—~S~S~S 


CONF - Configure for operations 


Opcode : 20 
LO 0 Ie SEO EO 20 HO 


Synopsis 


CONF allows the complete definition of the ST75C502 operation, including the mode of operation (Tone, 
Data Transmit, FAX Transmit, Voice Transmit, Voice Receive, DTMF Receive, ...) and the Modem 
Parameters (Standard, Speed, ...). 


Parameters 


[Field | Byte[Pos|Vaue[ —~=S~S~*~ inti SSCSSCS~*d 
TeONF_opER | 1 [s.0| - | Mode cfoperation, seobelow SSS 


CONF_ANAL 1 4 0 Normal mode 
1 Analog loop back 
CONF_PSTN 0 PSTN (carrier detect set to -43/-48dBm) 
1 Lease line (carrier detect -33/-38dBm) 
REONEEAG AO 0 Answer mode 
1 Originate mode 


CONF_MODE ail Automode 


Bell 103 
Bell 212A 
21 
21/53 
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Parameters (continued) 
| Field | Byte| Pos.| Value | Cefinitio 
CONF_TXEQ 2 7..6 0 No transmit equalizer 
1 Transmit equalizer #1 (1/2 of M1020) 
2 Transmit equalizer #2 (1/2 of M1040) 
3 Reserved 
CONF_QAM 3 0 QAM/DPSK only (Automode) 
1 FSK allowed (Automode) 
CONF_TCM 3 1 0 Treillis coding not allowed (V.32 only) 
1 Treillis coding allowed (V.32bis, V.32) 
CONF_SPO 3 Tae 300 bps allowed (V.21, Bell 103)’ 
Reserved (mustbe setto0) 
1200 bps allowed Nes V.22bis, V.23, Bell 212A) 
2400 bps allowed (V.22bis, V.27) 
4800 bps allowed (V.32bis, V.32, V.29, V.27) 
7200 bps allowed (V.32bis, V.29, V.17) 
CONF_SP1 4 2..0 9600 bps allowed (V.32bis, V.32, V.29, V.17) 
12000 bps allowed Nabe V.33, vay 
14400 bps allowed (V.32bis, V.33, V.17 
According with the 4 first bits of the CONF_OPER the ST75C502 is put into the following mode of operation. 
, : Number of tone detectors 
0000" 
0010 
0100 DTMF 4 (1) 
0110 DTMF 4 (1) 
1010 
atom SC Modem 0) 
Not allowed Notalowed | SS 
Notes: 1. 12 of the tone detectors are used by the DTMF detector. 
2. When in Data Modem Mode, the number of tone detectors is set to 0. The user can set it up to 2 if the SERIAL link is used (instead 
of the parallel data mode). itis set to 2 in FAX Receive Mode, and 8 in V.21 channel 2 mode. To modify the number of tone detectors 
available, the user must overwrite the _NTDCELL DSP intemal variable with a MW command (refer to "RAM mapping Application 
Note"). 
3. Unless otherwise required Tx equalizer #1 should be selected for better compromize on the general switched telephone network. 


CR - Complex read 


Opcode : 11 
-ofofo}tifTofo}o fi] 


Synopsis 

CR allows the reading of a complex parameter. The parameter specifies the parameter address (for the 
real part : the imaginary part is next location). CR returns the high byte value of both real and imaginary 
part of the addressed complex parameter. 


Parameters 


[Field [Byte] Pos.[ Value] —~—~=S~S*~*~*~«~i inition SSSCSC=“*~*~*~‘“~*~*S 
CR_ADDR.L | 1 | 7.0| | Lowbyte of the 16-bit address 
CR_LADDR_H | 2 | 7.0| | Highbyte of the 16-bit address 
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CSE - Clear error status 


Opcode : 08 


Pataca eee ae eee 


Synopsis 
CSE is used to clear the ST75C502 error status SYSERR byte. It is also used as an acknowledge to the 
error condition handler. 


Parameters 


’ 


Byte 
Loa eeOte. al Error mask . See report appendix for detailed meaning. 


Field 


DEFT - Define arbitrary tone 


Opcode: OE 
2G 1) 508 STO Ted i a | 


Synopsis 
DEFT programs one of the four tone generator for arbitrary tone generation. The parameter is the frequency 
of the generated tone in Hertz between 0 and 3600 Hz (expressed in hexadecimal). 


Parameters : Example 1000 Hz is represented by 03E8 


[Field [Byte [Pos. | Vaue[—~—S~S~ nto 
FTONE GENEL | 1 | 1.0| | Indexofthetone generator@.3) SSCS 
FTONE FREQ.L [2 [7.0 | Lowbyle ofthe equency SSCS 
FTONE FREQ. | 3 | 7.0 | [High byte ofthe frequency (internally masked wih OF) 
FTONE SCALE | 4 | 7.0 | | Amplitude scaling factor (igh byte) IF gives the nominal ampitude 


DOSR - Define optional status report 


Opcode : 0A 


e200 oO 207) Ot fo a 


Synopsis 
DOSR specifies the address of the RAM variables to be monitored in the 3 locations STAOPT([0..2] of the 
dual port RAM. It also specifies the assignment within the 3 locations. 


Parameters 


Byte|Pos.[Value[ SS Cefinition, 


sta_optass | i | 2.0 | | Indexofthe STAOPT destination 

PSTALOPTADL | 2 |7.0| | Lowbyteofsourceaddress 

STA_OPT_ADH| 3 | 3.0| | Highbyteofsourceaddress 
STA_OPT_HL Select low byte of source 
1 Select high byte of source 
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DSIT - Define status interrupt 


Opcode: 13 
G0. dO | Oat Is 


Synopsis 

DSIT specifies the bit mask used with the STATUS[0] or STATUS[1] byte to generate an interrupt IT4 to 
controller. Each time a bit change will append in the general status words, assuming the corresponding bit 
mask will be set, an interrupt will be generated. 


Parameters 


[Field [Byte [Pos.[Vaue[—=S=S™S~*~*~ non SSSSSCSC=“~*~*~*~*~*d 
STA_IT_MSKO Status 0 Bit Mask pattern 
STA_IT_MSK1 7..0 Status 1 Bit Mask pattern 


Note : The default IT status is OX3F for STATUS [0] and OXFF for STATUS [1]. 


HSHK - Handshake 


Opcode : 04 
oe eee a ee ee 


Synopsis 
HSHK is used to command the ST75C502 to begin the handshake sequence processing. The progress of 
the handshake is reported to the control processor. 


Parameters : non parametric command 


IDT - Identify 


Opcode: 14 
fess Oe Ol te] Oe a Oe, ee] 


Synopsis 
IDT returns the ST75C502 Harware and Software release number. See Appendix B, paragraph 1.2.2. 


Parameters : non parametric command 

Bits 15 to 12 represent the product identity number. For the ST75C502 this is 0 
Bits 11 to 4 represent the product software release 

Bits 3 to O represent the software sub release 
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INIT - Initialization 


Opcode : 06 
ad OE a a 


Synopsis 
INIT forces the ST75C502 to reset all parameters to their default values and restart operations as after a 
Hardware Reset. It clears all the internal RAM, the DUAL RAM and restarts in Tone mode. 


Parameters 


[Fist [Byte [Pos [Value [—=~S~*~S~S~S~«~ nS 


INIT_MODE 1 "Cold initialization" : initialize all variables and ST7544 chip. Maximum 
duration 500ms. 
"Warm initialization” : initialize only the variables. Maximum duration 10ms. 


Notes: 1. This command makes a software reset of the ST75C502 and so cannot have the regular handshake protocol. It does not increment 
the COMACK, nor generate an Interrupt. 


2. The INIT command does not affect the contains of the ITMASK and ITSRCR registers. 


JSR - Call a low level subroutine 


Opcode: 18 
ea a a 


Synopsis 
JSR allows execution of a part of the DSP firmware with specific argument. 


Parameters 


[Field [Byte |[Pos.[ Value | ——~S=S*S~S~«é on SSSSCSCSC~S 
TeADDRL | 1 |7.0|  |Lowbjtecithecaladiess SSCSC~S 
TC_ADDRLH | 2 [7.0| [High byte ofthe calacdress———SCSCS~C~—~‘“~*~*~S~S 
TeLDATAL [3 [7.0 [ [Low byte ofthe argument —=S=s=~—~“~*~“<~S*~*S~*S 
Te_DATAH [4 [7.0 [  [Highbyte ofthe argument —=~=~“‘*~*~“~*~“‘“*~*~*~*S 
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MODC - Modify configuration 


Opcode : 21 


ee ee 


Synopsis 
MODC allows modification of the configuration for special purposes. This command has no effect while in 
data mode, the parameters are just sampled when starting to transmit or receive. 


Parameters 
GLa En 
MODC_SH A Normal training sequence 
Short training (1) sequence 


MODC_V22G 0 No guard tone 
1800Hz guard tone 
550Hz guard tone 


MODC_FPT 3.2 00* No echo protection tone 
10 Long echo protection tone (180ms) (FAX only) 
MODC_NOTA Answer mode : generate answer tone for handshake 
Originate mode : wait answer tone for handshake 


cx Answer mode : do not generate answer tone for handshake 


Originate mode : do not wait answer tone for handshake 
poe NOSA a Cut answer tone when receiving AA (V.32bis, V.32) 
Continue answer tone when receiving AA 
haosesoinl 0* Enable V.32bis handshake on quality 
1 Disable handshake on quality 


Note : Short train sequence must be preceded by at least one normal training sequence. 


MR - Memory read 


Opcode : 10 
po} otTottj}otolojo | 


Synopsis 
MR allows the reading of a 16-bit parameter. The parameter specifies the parameter address. 


Parameters 


Field | Byte| Pos. | value | efinition 
MR_ADDR.L | 1 | 7.0 | | Lowbyte of the 16-bit address 
MR_ADDR_H | 2 | 7.0 | | High byte of the 16-bit address 
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MW - Memory write 


Opcode : 12 
ae ee ee ee ees 


Synopsis 
MW allows the writing of a 16-bit parameter. The parameter specifies the address, as well as the value, to 
be transferred. 


Parameters 


| Field 
0 | | Lowbyteofthe 16-bitaddress 
|Mw_appR_H | 2 | 7.0 | | Highbyteofthe 16bitaddress 
7.0 |__| Lowbyteofthe 16-bitvalue 
7.0 |__| Highbyteofthe 16-bitvaue 


PPR - Read parallel port 


Opcode : 16 
es A a 


Synopsis 
Read parallel port. The values of the 4-bit parallel port is read, whether the port is configured in input or in 
output. 


Parameters : non parametric command 


PPS - Parailel port set 


Opcode: 15 
PO Te Oe 20 has Pap ee Ae 


Synopsis 
Configure parallel port. Each of the 4 pins of the parallel port can be either programmed for input or for 
output. 


Parameters 


| Field | Byte| Pos.| Value | Cefinition, 

PP_lO0 1 0* Pin 0 programmed as input 

1 Pin 0 programmed as output 
1 0* Pin 1 programmed as input 

1 Pin 1 programmed as output 
1 2 0* Pin 2 programmed as input 

1 Pin 2 programmed as output 
1 3 0 Pin 3 programmed as input 

1* Pin 3 programmed as output 


Note : Pin 3 is reserved for MAFE contro! and therefore must be programmed as an output. 


—hk 
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PPW - Parallel port write 


Opcode : 17 
ae ie ee ee 


Synopsis 
Write to the parallel port. This operation will be effective only if the bits are programmed as outputs. 


Parameters 


[Field [Byte [Pos.[Vaue[—S~*~S~S~SafintfomSSSCSC=“‘~*~s*~* 
eevee | 1 | 0 | [Pindbgcalvaue—SSsS—~—“—*~*~“~*~*~*S*~*~*~“~*~S 
rppvatt [1 [1 | [Pint logicalvaue ——SOSSC~=“~*~“~*S*~“‘“~*~“~S~S~S*S*S~S 
rppvai2 | 1 | 2 | [Pin@bgealvaue—~SC~C“~“~“<“<CSCS 


RTRA - Retrain 


Opcode : 05 
[208 eas Oe ah Osler ee Sie 


Synopsis 
RTRA is used to force the ST75C502 to initiate a retrain sequence on the channel. The parameter 
determines the target speed for the retrain. : 


Parameters 


[Fist [Byte [Pos.| Vawe|—~=S~S~S~S anti 


RTRA_NEGO 1 0 Retrain (V.22bis, V.32, V.32bis) 
1 Rate Negotiation (V.22bis, V.32bis) 
1 


RTRA_NEGO 1 1 Treillis coding enabled 
0 Treillis coding not enabled 
RTRA_1200 1 4 0 1200 bps speed not allowed 
1 1200 bps speed allowed 
RTRA_2400 2400 bps speed not allowed 


2400 bps speed allowed 
RTRA_4800 1 4800 bps speed not allowed 
4800 bps speed allowed 
RTRA_9600 9600 bps speed not allowed 
9600 bps speed allowed 2 
fae 12000 bps speed allowed 
RTRA_14400 2 2 14400 bps speed not allowed 
1 14400 bps speed allowed 


0 
1 
0 
1 
RTRA_7200 1 7 0 7200 bps speed not allowed 
1 7200 bps speed allowed 
0 
1 
12000 bps speed not allowed 
0 
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SERIAL - Select serial or parallel mode 


Opcode : 07 
OT Oe OO On ete ae 


Synopsis 
SERIAL defines the data path, i.e. either serial or parallel. 


Parameters 
[Field [Byte|Pos. [Value] ——SSS~S~éfintiom 
TX_SDATA 1 0* Use serial link for Tx data 
1 Use parallel link for Tx data 
RX_SDATA | 1 0* Use only serial link for Rx data 
1 Use also parallel link for Rx data 


Note : The received bits always go to output pin DX2, even when the Rx_SDATA bit ts set. 


SETGN - Set output gain 


Opcode : 02 


pao L O20 | o-) oo [ao 


Synopsis 
SETGN is a command which sets the scaling factor of the transmit samples. It is used for setting the output level 
or for setting the level of the tone generators. The gain value is given in the form of a 2’s complement 16-bit value. 


Parameters 


Low byte of the 16-bit gain value 


Hight byte of the 16-bit gain value 


[oder Para | OSC 
<> SC 
SS WO 


29/53 
kyy, $ESctnorroe ; 
185 


ST75C502 


SLEEP - Turn to low power mode 


Opcode : 03 
fotToftTofofo{foftilti | 


Synopsis 
SLEEP is used to force the ST75C502 to turn to low power mode. 


Parameters : non parametric command 


Note: When receiving this command the ST75C502 will stop processing and so cannot have the regular handshake protocol It does not 
increment the COMACK, nor generate an Interrupt. 


STOP - FAX stop transmitter 


Opcode : 25 
oe ee ee ee 


Synopsis 
STOP is used, in FAX modes, to force the ST75C502 to turn-off the transmitter in accordance with the 
corresponding ITU-T V.33 / V.17 / V.29 / V.27ter / V.21 channel 2 recommendations. 


Parameters : non parametric command 


Note : When receiving this command the ST75C502 will stop sending regular data. In parallel mode this command must be preceded by a 
XMIT stop command. After receiving the STOP command the ST75C502 will wait until all the transmit buffers are sent commencing 
with the stop sequence. 


SYNC - FAX synchronize the receiver 


Opcode : 26 
Fe 


Synopsis 
SYNC is used, in FAX modes, to force the ST75C502 to start/stop the receiver in accordance with the 
corresponding ITU-T V.33 / V.17/ V.29 / V.27ter / V.21 channel 2 recommendations. 


As soon as the ST75C502 receives the SYNC start command it sets its receiver to detect the FAX 
synchronization signal. 


This commdand is the equivalent HSHK command for the receiver. 


Parameters 


RX_SYNC 


0* Stop receiver 
1 Start receiver synchronization 
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TDRC - Tone detector read coefficient 


Opcode: 1A 

pees I le Or recs ae if 203) We) 0) 

Synopsis 

TDRC read one coefficient of the selected tone detector cell. 

Parameters 

[Field 
TD_CELL O} oF | Tone detector cell number 


Biquad coefficient 
Energy coefficient 
Static level 

Reserved 


Byte 
TD_C_ADDR 


The command answer is : low byte of coefficient followed by high byte of coefficient. 


TDRW - Tone detector read wiring 


Opcode : 1B 
cee eee eee 


Synopsis 
TDRW read wiring of the selected tone detector cell. 


Parameters 


[eld [vie [Pos. [view [etn 
TD_CELL Tone detector cell number 


TD_W_ADDR 2 Biquad and energy input 
Comparator inputs 
ae Reserved 


The command answer is : 
a) if TD_W_ADDR=0: 
- first byte is the node number of signal connected to biquadratic filter input, 
- second byte is the node number of the signal connected to the energy estimator input. 
b) if TD_W_ADDR =1: 
- first byte is the node number of signal connected to comparator negative input, 
- second byte is the node number of the signal connected to the comparator positive input. 
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TDWC - Tone detector write coefficient 


Opcode : 1C 
Ee An ae eee eee 


Synopsis 
TDWC write one coefficient of the selected tone detector cell. 


ae 


[Byte [Pos. | Vaue | ——~S~S~«nion SSS 
oa — [1 | 30 uF Yeats 


TD rs ADDR 7..0 Biquad coefficient 
Energy coefficient 
Static level 


TD_COEFL me Low byte of coefficient 
TD_COEFH | 4 | 7.0 | | Highbyte of coefficient 


TDWW - Tone detector write wiring 


Opcode : 1D 
Ole Ie Ae eet Ma Me uO Ware 


Synopsis 
TDWW write wiring of the selected tone detector cell. 


Parameters 


[Field [Byte |[Pos.[Vaue[—SSS~S~S ition SSSSSCS*S 
Tae ol 


TD W. ADDR Biquad and energy input 
Comparator inputs 


if TD_W_ADDR = 0 (select biquad and energy inputs) 


| Field | Byte | Pos.| Value | 0 efinition, 
TD_W_ERN | 3 | | 0..3F | Energy estimator signal input 
TD_W_BIQ | 4 | | 0..3F | Biquad filter signal input 


if TD_W_ADDR = 1 (select comparator inputs) 


[Field ‘| Byte[ Pos. [Value] ——SSS*~*~*«~é nom 
TD_W_CN | 3 | | 0.3F | Negative comparator signal input 
TD_W_CP | 4 | | 0..3F | Positive comparator signal input 
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TDZ - Tone detector clear cell 


Opcode: 1E 
Be Ra a 


Synopsis 
TDZ clears all internal variables of one Tone detector cell including filter local variables and energy estimator. 
This command must be sent after changing coefficients of a cell to avoid instability. 


Parameters 


[Field [Byte [Pos.[Vaue| ——~=S~S~S fini SSSSCSCSC~C~S~* 


TGEN - Enable/disable tone generators 


Opcode : 0D 
P05 311053] 30 re Oe ae | 


Synopsis 
TGEN causes the ST75C502 to enable or disable the four tone generators. 


Parameters 
[Field [Byte [Pos.[ Value] —S~éefinitiomn Cd 
TONE 0 ENA 1 0* Generator #0 disabled 
1 Generator #0 enabled 
TONE_1_ENA 1 | 0* Generator #1 disabled 
1 Generator #1 enabled 
TONE_2 ENA 1 2 0* Generator #2 disabled 
1 Generator #2 enabled 
TONE_3_ENA 1 3 0* Generator #3 disabled 
1 Generator #3 enabled 
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TONE - Predefined tones 


Opcode : 0C 
potoftoftofi{trf{o}o_ 


Synopsis 

TONE programs the tone generators for the predefined tones. The tone generators #0 and eventually #1 
are reprogrammed with this command. Eventualy the tone generator #0 and #1 are enabled. Using an 
argument not in the following table will disable tone generator #0 and #1. 


Parameters 


[Field [Byte [Pos.[Vaue[—=S~S~S nto 


TONE_SELECT 1 5..0 DTMF O oa & 13836Hz) 


DTMF 1 (697 & ae 
DTMF 2 (697 & 1336Hz 
DTMF 3 (697 & 1477Hz) 
DTMF 4 (770 & ie 
DTMF 5 (770 & 1336Hz 
DTMF 6 
DTMF 7 | 


770 & 1477Hz 
852 & 1209Hz 
DTMF 8 (852 & 1336Hz 
DTMF 9 (852 & 1477Hz 
DTMF A (697 & beets 
DTMF B 0 & 1633Hz 
DTMF C a & teaches 
DTMF D (941 & 1633Hz 
DTMF * (941 & 1209Hz) 
DTMF # (941 & 1477Hz) 
Answer Tone (2100Hz) 
Tone (1 lade, 

Answer Tone (2225Hz) 
Tone (1300HZz) 


Dao NMONOWSFODNOOAWN=-O 


V22L2 - V22 loop 2 generator/detector 


Opcode : 24 
20 Oth Oe |e a 


Synopsis 

V22L2 selects the transmission and detection of V.22/V.22bis patterns required for remote digital loop back 
as defined in the ITU-T specification. The STA_V22L bit in the STA_LOOP optional status word will follow 
the detection of the receiver setting. This command must only be used in V.22 or V.22bis modes. 


Note that the STA_V22A bit (alternate "1010" or "0101") in the STA_LOOP is always active. 


Parameters 
Definition 


Data mode 
Transmit unscrambled "1" 


Transmit scrambled "1" 
Transmit scrambled "1010" 


Detect unscrambled "1" 
Detect scrambled "1" 


34/53 
AYY, BeSoetecsies 
190 


ST75C502 


V54 - Generator/detector 


Opcode : 23 
0S 0a OO Oe a 


Synopsis 

V.54 selects the transmission and detection of V.54 patterns required for remote digital loop back as defined 
inthe ITU-T specification. The STA_V54D bit in the STA_LOOP optional status word will follow the detection 
of the receiver setting. This command must only be used in V.32 or V.382bis modes. 


When the transmit generator completes the required pattern it will continue to send the same sequence 
and set the STA_V54E bit in the STA_LOOP. 


Parameters 


V54_TX 1 1..0 Data mode 
Transmit 2048 V54 scrambled "0" 
Transmit 1948 V54 scrambled "1" 
Transmit 8192 V54 scrambled "1" 


V54_RX 2 1..0 No V54 detection 
Reserved 
Detect 256 V54 scrambled "0" 
Detect 256 V54 scrambled "1" 


XMIT - Start/stop transmission 


Opcode : 01 
[ee Oe OO) Oe [Sa 


Synopsis 
XMIT enables or disables the transmission of the data according to the selected mode (serial or parallel). 


Parameters 


[Fist | Byte 


TX_START 1 0* Stop transmission 
1 Start transmission 
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WMR - Write MAFE Register 


Opcode : 11 
fae TOs es fad 0 Os Oy A 


Synopsis 
WMR allows the writing of a 8-bit parameter into one of the ST7544 MAFE chip register. 


Parameters 


[fied [Byte [Pos [Value —=SS™S~ ition SSCS” 
rw pata | 1 |7.0| |Byecd@ta——=SO*~“‘“‘*S*“‘“‘SCS*~*S 
rMwe appr | 2 | 1.0] [Bytecftheabtaddess ——=S=SC*~“~*~“~“*~“~*~*~*~*~S~S 


MWR_RXTX 3 7..0 Acess Tx Register 
Access Rx Register 


This command must be used to lock the Transmit clock on an external clock or the received clock : 
WMRDO 02 00 Tx Clock locked on TxSCLK input Pin. 

WMRFO 02 OO Tx Clock locked on Rx Clock. 

WMRCO 02 00 Tx Clock free running 


36/53 
AYA, BiBotteomones 


192 


$T75C502 


(58 APPENDIX B'STATUS.DESCRIPTION ©. os 


This appendix is dedicated to the ST75C502 re- 
porting features. In the following sections are ex- 
plained the command acknowledge process and 
the report and status definitions. 


| - COMMAND ACKNOWLEDGE AND REPORT 
I.1 - Command Acknowledge Process 


The ST75C502 features an acknowledge process 
based on a counter COMACK. On power-on reset, 
this counter’s value is set to 0. Each time a com- 
mand is executed, the acknowledge counter CO- 
MACK is incremented. This allows a precise 
monitoring of the command entered and avoids 
command collision. 


The acknowledge counter is incremented as soon 
as the command has been properly executed. Fur- 
thermore, the ST75C502 resets the value of the 
COMSYS register. The interruption IT6 is raised 
just after the counter is incremented. 


In the case of a memory reading command (CR, 
MR or PPR), the process is slightly different. The 
command entered is executed, the report area is 
then filled and the acknowledge counter is incre- 
mented afterwards. This insures that the controller 
reads the value corresponding to its request. Fig- 
ure B1 gives a flowchart of the command acknow- 
ledge process. 


1.2 - Reports Specification 

The report section of the Dual Port RAM is dedi- 
cated to memory reading. In response to a CR, MR, 
IDT or PPR command, the value to be read is 
transferred to the Report registers COMREP(0..1]. 


1.2.1 - CR Command 

Issuing a CR command causes the ST75C502 to 
dump a specific memory location in complex mode. 
This instruction is particularly usefull for equalizer 
state analysis or for software eye-pattern display. 
The report area has this meaning : 


[RPT [APs [APs [Pa [APS [Aa | AP% [APO | COWREPI 
fie? [6 [Ps [Pa [a [12 [1% [Po [COWRERAT 


RP7..RPO is the MSB part of the 16-bit value of the 
real part and IP7..IPO is the MSB part of the imagi- 


Kyg, BEScttncrnones 


nary part. The CR command insures that the real 
and imaginary parts of the desired complex value 
are sampled internally at the same time. The ad- 
dress given in the parameter field of CR is the 
address of the real part. 


1.2.2 - MR/TDRC/AIDT/TDRW Commands 


The report issued by the MR/TDRC command is 
followings the same rules as the CR. The report 
meaning is : 


or [be | 08 | be | be | be [or | bo [COMRERGT 
[ois [04 [08] ba] bis [B10] 9 | vB [ COREPTT 


D1i5..D0 is the 16-bit value required by the 
MR/TDRC command. 


In the case of IDT, D15..D12 contains the product 
identification (0 for ST75C502), D11..D8 contains 
the hardware revision identification and D7..D0O 
contains the software revision identification. 


1.2.3 - PPR Command 
The PPR command issues the following report : 


0 | 0 | 0 | 0 | Pr3|PP2| Ppt | PPO | COMREPIO) 


PPO..PP3 are the values read on the 4 pins of the 
parallel port. The result doesn’t take into acccount 
the fact that those pins are input or output pins. 


ll - STATUS 
ll.1 - Modem Status 


The status of the ST75C502 is divided into 4 fields : 

- the error status byte SYSERR that provides infor- 
mation about error. This status can trigger an ITO 
interrupt, 

-the general status byte STATUS[0O] and 
STATUS[1] that contains all the modem signals. 
These status bytes can trigger an IT4 interrupt, 

- the quality status STAQUA, that contains the 
quality of the received transmission, 

- the optional status bytes STAOP[0], STAOP[1] 
and STAOP[2], that contains additional informa- 
tion regarding the ST75C502 operating mode. 
This default information can be changed to moni- 
tor any internal variables using the DOSR com- 
mand. 
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All these infomations are updated on a baud basis : 


[S”~*~*~‘Mode SC=‘idSC(“t*‘“‘*S*éR a 
v.27ter B400bps 
i 


Notes: 1. The tone detectors outputs are update 800 times by seconds. 
2. This baud rate defines also, the maximum command rate. Each baud time the ST75C502 looks at the COMSYS location 
(Address $00) to see if a command have been send by the host processor. If the content of this location is different from zero the 
ST75C502 execute the command. 


Starting at the address $08 the status area have the following format : 


oe ee 
Co ceell cent anor Aen SG ee SO SC 
gos [SvSERR | ERRATK| 


Lee 
| $0E_| STAOP2 | 


!.2 - Error Status 


Depend on operating mode 
_ (see below) 


The error status is changed each time an error occurs. When the ST75C502 signals an error by setting 
one of the SYSERR bit, it generate an interrupt ITO. These bits can only be cleared by the host-controler 
using the CSE command. 

The meaning of the different bits of the SYSERR byte is discribed below : 


SYSERR 


|__Field___| Pos. | Meaning when set 


ERR_TX Transmit buffer underflow. Loss of synchronisation between the host and ST75C502 transmit 
data buffer managment 
1 Receive buffer overflow. Loss of synchronisation between the host and ST75C502 receive data 
buffer managment 


ERR_SYM Symbol buffer synchronization error (V.32, V.32bis) 
Incorrect CC] command 
ERR_IPRM Incorrect parameter for the CCl command 


Real time kemel error. ST75C502 not able to perform all its tasks within the Baud period (transmit or 
receive samples lost) 
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II.3 - Modem General Status 


The modem general status word is composed of two bytes STATUS[0] and STATUS[1]. Any bit change can 
generate an IT4 interrupt. Using the DSIT command allows the selection of the corresponding bit that will 
generate an interrupt each time they will change. The default pattern is $3F for STATUS[O] and $FF for 
STATUS[1]. The different bits have the following meaning : 


STATUS[0] 


| Field | Pos. Meaning when set 


STA_109 Paes ITU-T circuit 109 (carrier detect). Indicates that valid data are received. When 0 the output 


data RxD are clamped to constant mark. Valid only in modem mode. 
and that any data at TxD pin (serial mode) or in the transmit buffer (parallel mode) will be 
transmitted. Valid only in modem mode. 
STA_RING 3 Ring detected. A ring signal (from 15Hz to 68HZz) is present at the RING pin. Valid only in 
transition on the ring signal. 
STA_CPTO Call progress tone detector #0. Low pass filter 650Hz. Valid only in tones modes. 
STA_CPT1 Call progress tone detector #1. High pass filter 600Hz. Valid only in tones modes. 
STATUS[1] 
| Field | Pos. | Meaning when set 
STA_H 30: Transmit synchronization in progress. Valid only in modem mode. 


STA_107 ITU-T circuit 107 (data set ready). Valid only in modem mode. 

STA_106 ITU-T circuit 106 (clear to send). Indicates that the training sequence has been completed 
tones modes. The precise frequency can be read in the optional status byte STAOP2. The 
detection time is 1 period of the ring signal. The detection lost time is 20ms after the last 

STA_CPT10 | 6 _| Signalin filter #0 is higher than #1. Valid only in tones modes. 

STA_109F Fast carrier detect. Valid only in FAX modem mode. 

STA_TIM Handshake timeout. Valid only in data modem mode. 

STA_CCITT Originate mode or tone : 2100Hz versus 2225Hz detected 
Answer mode : 1800Hz (AA signal) versus 2225Hz detected 


STA_AT 3 Answer tone detect, either 2100Hz (or 1800HZ) or 2225Hz. This bit allows the sampling of 
the STA_CCITT bit. 

STA_RTRN 4 V.32bis, V.32, V.22bis : remote retrain detected 

STA_HR Fax mode (including V.21 channel 2) : receiver synchronization in progress 

STA_RNEG i ee V.32bis, V.32, V.22bis : remote rate negociation detected 

STA_CLR | 6 | V.32bis, V.32 : cleardown detected 


STA_DTMF 7 DTMF digit detect. The digit itself is available in the optional status byte STAOP2. Valid only 
in DTMF receive mode. 


11.4 - Quality Status 1E* 
The quality byte STAQUA monitors an evaluation 16° 
of the line quality. It is updated once per baud and 4E7 


its value ranges from 127 (perfect quality) to 0 


5 
(terrible quality). if 1E 
This value is automatically adjusted according to TE : 
the current receiving mode (not valid in FSK 1E° 
modes). 1e° 
Refer to the following chart to convert the value into 1E° 
its bit error rate equivalence. 0 31 63 95 127 

STAQUA 
G7 SGS-THOMSON eens 
IZ iickozLscrmomcs 
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1.5 - Optional Status 
According to the operating mode of the ST75C502 the optional status is displaying different informations. 


The optional status are automatically reprogrammed after each CONF command with the address of the 
variables to monitor according with the operating mode selected (CONF_OPER). After the CONF command 
the user must overwrite this default programming by using the DOSR command. In order to change the 
default setup ; please refer to the "RAM Mapping ApplicationNlote" to obtain the addresses of the DSP 
internal variables. 


11.5.1 - Default Optional Status in Tone Mode 
While in tone mode the format of the STAOP word is as follows : 


Ek cee oe se 


a 
TOT7 
RING_PERIOD (1) 


Notes : 1. RING_PERIOD is valid when the bit 3 of the STATUS[0] (STA_RING) goes high). This value is updated at each falling edge of 
the RING signal. The RING_PERIOD value must be divided by 2400 to obtain the period in seconds. 


2. TDTx is the output of the tone detector x. 


11.5.2 - Default Optional Status in DTMF Receiver Mode 
While in DTMF receiver mode the format of the STAOP word is as follows : 


Me) tee eee a a 
STAOPO | TDT7 (1) | TDT6 (1) | TOTS (1) | TDT4 (1) TDTO 
T 


STAOP1 PES) Bm) aay ee in ie TDTS (1) 
1 1 1 
STAOP2 DTMF_DIGIT (2) 


Notes: 1. These cells are used by the DTMF detector. 
2. DTMF_DIGIT is valid when the bit 7 of STATUS[1] (STA_DTMF) goes high. This value remains unchanged until anew DTMF digit 
is detected. 


11.5.3 - Default Optional Status in Data Modem Mode 


While in the DATA modem mode (V.32bis, V.32, V.22bis, V.22, V.23, V.21, Bell 212A or Bell 103) the format 
of the STAOP word is as follows : 


Be ee ee 

[7 [Tepsyays Te pape 
rsoc_[Ne@ Move] - | - | - | —NE@_SPEED——~C~*~*~*‘~*‘CE PRG 
[sop [toor_sta| - | - | - [=| STA.V2at | STA_vaza | STALWAE | STA VEAD_ 


Where the NEG_MODE byte indicates the issue of the rate negotiation. Its meaning is : 


[Position [Value | ~~~ eription SSS 


NEG_PRG 0 Negotiation in progress 
Negotiation completed 


NEG_SPEED 4..1 Reserved 
Reserved 
Negociated speed is 1200 bps 
Negociated speed is 2400 bps 
Negociated speed is 4800 bps 
Negociated speed is 7200 bps 
Negociated speed is 9600 bps 
Negociated speed is 12000 bps 
Negociated speed is 14400 bps 
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The LOOP_STA byte provides information about the loop status, for V.22bis and V.54 loops. This status 
byte must be used in accordance with the V22L2 and V54 commands. Its meaning is: 


STA_LOOP 


STA_V54D _— V.54 pattern detected : when set 256 bit of the V.54 pattern has been detected 


STA_V54E 1 V.54 pattern completed : when set the transmit V.54 pattern has been completely send 


STA_V22A V.22bis alternate "0101" or "1010" pattern detected (typicaly 53ms) 
STA_V22L V.22bis loop pattern detected (typicaly 13ms) 


The HSHK_PHA byte provides information about the handshake phase state (automode, V.32bis, V.32, 
V.22bis, V.22, Bell 212A). This is a number between 0 and 255 that is associated with some handshake 
events. Refer to the "RAM mapping application note" to obtain the event equivalence table. 


11.5.4 - Default Optional Status in FAX Modem Mode 
While in the FAX modem mode (V.17, V.33, V.29, V.27 or V.21 channel 2) the format of the STAOP word 
is as follows : 
fs es Solute ee lets ee, es i ee 

Sok eos a ee eee ee eee 
foc |NeGmope|- | - | - | _NEGSPEED@) —_—_—([NEG_PRG(1) 
Not used 
[soe | HSHK_PHA [PNSUCs|PADETs [PNDETs| SCRIs | PRs | PNs | Pes | Pts 


Notes: 1. SPVAL is active in V.33 receiver only at the same time as the rising transition of the SCR1s signal. Went SPVAL is set, it indicates 
that the SPEED bits contain the data speed information. 
2. SPEED is valid in V.33 receiver only. It can have 2 values, after the SCR1s signal goes high : 1000 for 14400bps and 0111 for 
12000bps. 
3. The HSHK_PHA bit reflects the progression of the synchronization. 
It has the following meaning : 


Description 
Unmodulated carrier sequence. Optional, used for echo protection. 
Continuous 180° phase reversal sequence 
Equalizer trainning sequence 
V.33 and V.17 rate sequence 
Continuous scrambled 1 sequence 
Turned on after PN sequence detection 


PRDETs | 66 Turned on after PR sequence detection (V.33 and V.17 only) 


PNSUCs 7 Turned on after succesfull training of the receive equalizer. 


When on at the end of the synchronization, the transmition BER is 
statisticaly bellow 10ppm. 
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With the following timing : 


TRANSMIT pe op We, TB. ae TA se TC 


STA_H 
Pis 
P2s 
PNs 
prs" 
SCRis 


STA_106 


RECEIVE 


(5) 
STA_HR 


STA_109F 
P2s 
PNDETs 


PNs 


(1) 
PRDETs 


(2) 
PNSUCs 


SCRI1s 


STA_109 vf 
RxData fe 


a 
var [92 [ae [tor [teas [a7 feof 7] ms 
waren |e [ee or [ie foo 
[—_vzo | 192 [20 | sa | 160 
[was shot | 192 | ee [a1 [a6 0 
[war 4e00 [192 [2 | [eo | o | 
[W27 4800 shor | 192 [2 | 9 [| 3 | 0 | 
[war eaoo [192 | 22 | «2 | ws | o | 


oi 
“J 


oi 
| 


[Var 2aooshon| 19 | 22 | 12 | [| o 
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TRANSMIT - 710 : TH min 

a 5 
STA_H | | 
P1s | ! 


P2s 
PNs 
PRs 


SCRis 


STA_106 


RECEIVE 


; Ti2 i. : (3) 
TRE = ace 


STA_109F 


PNDETs ®) 3 3 | 


PNs a ee ee ee ee 


PRDETs ©) ! ! | 


PNSUCs ©) : | : | 


STA_109 , 3 | 

[Mode [0 | 1 (| ma. | 19 | Unt —*i 

[var [dCi (‘it CdSSC‘“‘ Cds 

[varshot [is «dtd CdS SC*dSs 

ve | 13 +| 2 |e | | ms 

| v2gshot | 18 | | TT ls 
a 
a OS 
Pee ee Oe ee 
NO 
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V.27 4800 short 
V.27 2400 
V.27 2400 short 


Notes: 1. In the case of V.29 or V.27, PRs and PRDETs bits are not active. 
2. PNSUCs indicates the quality of the Rx signal that will give a ber of approximation of 10°. PNSUCs is sampled at the end of 
sequence PN (R for V.17). The quality is resampled and PNSUCs is recalculated 256 Bauds (106ms for V.17, V.29 ; 160ms for 
V.27 4800bps and 212ms for V.27 2400bps) after the falling edge of SCR1s. 
3. After sending the command SYNCO, all bits are reset. 
4. When using long echo protection tone, otherwise 0. 
5. After sending the command SYNC1, this bit is set. 


V.27 4800 
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Figure B1 : Command Acknoledge 


CLEAR ANSWER 


EXECUTE Invalid Parameter 
COMMANDE 


COPY ANSWER SET SYSERR SET SYSERR 
INTO COMREP ERR_IPRM ERR_IOCD 
INCREMENT ASSERT ASSERT 
COMACK INTERRUPT ITO INTERRUPT ITO 


CLEAR COMSYS 


ASSERT 
INTERRUPT IT6 
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APPENDIX C : TYPICAL BER PERFORMANCES 


This appendix shows the typical Bit Error Rate curves obtained on lines Flat and US3002, using a TAS® 
Series Il equipment and a V.56 AGC. Sample size is 10’ bit. 


Figure C1 : Typical V32bis BER Performances 
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"APPENDIX D : DEFAULT CALL PROGRESS TONE’DETECTORS ©” 


Figure D1 : Call Progress Tone Detector Band 0 Figure D2 : Call Progress Tone Detector Band 1 


—— Always On 
--- Always Off 
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‘APPENDIX E : DEFAULT ANSWER TONE DETECTORS 


Figure E1 : 2100Hz Answer Tone Detector 
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This appendix contains the following schematics : 
- example of hybrid line design, 
- chip interconnect circuitry required in the case of the minimal configuration. 


Figure F1 : Typical Line Interface 


2 2nF 
(Note c) 


Notes : a) All resistors are 1% tolerance 
b) The receive gain is defined by : G = (1 + R1/R2) 
c) Capacitor close to RxA1 and RxA2 
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C21 
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/SINTR 
iscs 
iSR/W 


ISDS —— 
16 


ISDTACK 


Connect to GND for Motorola CPU 
Connect to Veg Intel CPU 


ogm_rec 
OP_RxD 
DP_TxD 
TxCLK 
RxCLK 
TxSCLK 
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DSP (U1) decoupling 

C20 (polanzed) as close as possible to the Pins 48/50/51 

C1 to C6 as close as possible respectively to the Pins 10, 24/26, 48/50/51, 56/60, 76/78 
Capacitor with a "*" as close as possible to the ST7543 Pins 


DP_RING DP_RING 


O+5V  DL1 _1N4148 O +5VA 


DL2 1N4148 


AGND 
C19 47uF A 


C12 * 100nF 


U1 
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| - TONE DETECTORS 
1.1 - Overview 


The general purpose TS75C50/51/52 tone detec- 

tor block is a powerful module that covers a lot of 

applications : 

- call progress tone detection, fully programmable 
for all different countries, 

- DT MF detection, 

- high level handshake for all main modem stand- 
ards, 

- FAX, voice, data automatic detection, 

- Call waiting detection, while in voice or data mode. 


1.2 - Description 


The tone detector block is a set of 16 identical cells. 
Each cell is composed of a double biquadratic filter, 
a power estimator section, a static level and a level 
comparator. 


Each biquadratic filter, power estimator and static 
level can be programmed using a complete set of 
commands (TDRC, TDRW, TDWC, TDWW, TD2). 


The wiring between the different cells can be de- 
fined by the user using the command allowing a 
wide range of applications. 


The 16 comparator outputs give, on a baud basis, 
the information into a two 8 bits word TONEDETO 
(for cells number O to 7) and TONEDET1 (for cells 
number 8 to F). These TONEDET variables can be 
accessed using a MR command or, more easily, 
monitored on a baud basis using the DOSR com- 
mand. 


Figure G1 : Biquadratic IIR Filter 


While in FAX half duplex receive IDLE mode a set 
of 8 cells allows to implement customized hand- 
shake short sequences. 


1.2.1 - Biquadratic Filters (see Figure G1) 


Each biquadratic filter is a double regular section 
that can perform any transfer function with 4 poles 
and 4 zeros. This routine is run on a sample basis. 


The corresponding transfer function is : 
Out _ 9 .O5+2-03-27+2-C4.z2" 
Input 12 Cleo oes 2 = 
g .CB+2-C9-zZ"4+2-CA.z* __, 
f226C7 12 =2C8.2™ 


Note: All coefficients are coded on 16 bits 2’s complement in the 
range +1, -1 (Q15). To avoid the possibility of overflow the 
user must.check that the intemal node must not be higher 
that 0.5 (in Q15 representation). 


1.2.2 - Power Estimation (see Figure G2) 

The power estimation cell is needed to measure 
the amplitude of the different tones. It is run ona 
sample basis. 

The corresponding transfer function is : 
ees: i ae 
1-(1-P1)-z" 


Note: To deal with the high dynamic range of the analog front end, 
the computation loop of the power estimation is run with 32 
bits accuracy. The output and input of that cell are however 
16 bit words (Q15). 


Out =| Input! z'- 
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Figure G2 : Power Estimator 


1.2.3 - Static Level 


Asingle threshold level is associated with each cell. 
It can be use to compare the output of a power 
estimation with an absolute value. 


1.2.4 - Comparator 


The comparator computes on a baud basis, the 
difference of the signal on its positive input and its 
negative input. If the result is higher that zero it set 
the corresponding bit in the TONEDET[O..1] word 
if not it clears this bit. 


1.2.5 - Wiring 

The user must specify the connection (wiring) be- 
tween the input/output of the filter, the input/output 
of the power estimator, the output of the static 
levels and the two inputs of the comparators. 


The outputs signal have an absolute address : 


Node Address 
Signal 


Ground | 00 | Signal always equal to 0000 


Receive signal from the 
analog front end, (after echo- 
substraction in V.32 mode) 

| | 04.0F | Reseved 


S77 
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The user specifies the inputs of the filters, power 
and comparators. At least one input must come 
from the RxSig (node 01, 02 or 03). It is mandatory 
to connect all unused cell input to the ground signal 
(node 00). 


Ill - EXAMPLE (see Figure G5) 


Hereunder is an example of programming a single 
tone detector (using cell #3) and a complex differ- 
ential tone detector (using cell #4 and #5). 


The bit 3 of the TONEDET variable will be triggered 
each time the energy of that filtered signal is higher 
than static level number 3. 


The bit 4 of the TONEDET variable will be on each 
time a receive signal has energy higher than the 
static level number 4. The bit 5 will be on only when 
the filtered (filter section 4 and 5) received signal is 
higher than the energy of the wideband signal 
number 4 ; this prevents triggering on noise. 


Program cell #3: 


TDWW 03 00 13 01 
Connect received signal to filter and filter to 
energy 

TOWW 03 01 33 23 


Connect level to comparator negative input 
and energy to positive input 


Program cell #4 and #5 : 


TDWW 04 00 01 01 
Connect received signal to filter and energy 
TDWW 04 01 34 24 
Connect level to comparator negative input 
and energy to positive input 


TDWW 05 00 15 14 
Connect filter #4 output to filter and filter to 
energy 

TDWW 05 01 24 25 


Connect wideband energy to negative input 
and energy to positive input 
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Figure G3 : Tone Detector Wiring Address (first half) 
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Figure G4 : Tone Detector Wiring Address (second half) 
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Figure G5 : Wiring Example 
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“-.- APPENDIXH: BUFFER OPERATIONS = 


| - INTRODUCTION 


This appendix is dedicated to the buffer operations, 
either the data buffers, used either in data ex- 
changes or the symbol buffer operations dedicated 
to bulk delay management. 


Il - RECEIVE OPERATIONS OVERVIEW 


Figure H1 describes the receive data flow. 

The ST75C502 uses parallel synchronous data. 

8 bit words are synchronously available in the 
receive buffers. The buffer status holds the num- 
bers of valid bytes received. 

Each time the receiver has filled up a new buffer, it 
sets the corresponding flag with the proper status 
then generates the ITS interrupt. The availability of 
the buffers is tested just before starting to fill them. 
This means that the host must not perform any 
buffer operation on the data part while the status 
remains 0. 


Il! - TRANSMIT OPERATIONS OVERVIEW 


Figure H2 describes the transmit data flow. 

The ST75C502 uses parallel synchronous data. 

8 bit words are synchronously read from the trans- 
mit buffers. The transmit status buffer holds the 
number of valid bytes to be transmitted (up to 8 per 
buffer). 

Each time the transmitter has emptied a buffer, the 
IT2 interrupt is raised. 


IV - BUFFER STATUS AND FORMAT 
DESCRIPTION 


The following section describes the meaning and 
use of the buffer status words. 


IV.1 - Transmit buffer 


The transmit buffer status words are DTTBSO and 
DTTBS1 (see the Host Interface Summary section 
in the main document) and are more likely to be 
seen as control words. These flags must be set by 
the host and are reset by the ST75C502. The data 
buffer exchanges being synchronized through 
these status words, an improper setting will trigger 
the error Err_Tx in the error status SYSERR. A 
value of 0 for DTTBSO or DTTBS1 means that the 
corresponding buffers are empty : this value is 
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written by the ST75C502. The unused bits of 
DTTBSx must be set to 0 by the host. 


| Field 
BUFF_LENG |3..0 | 8..1 | Number of valid bytes 
in the buffer 


IV.2 - Receive buffer 


The receive buffer status words are DTRBSO and 
DTRBS1 (see the Host Interface Summary section 
in the main document). These flags are set by the 
ST/5C502 and must be reset by the host. The data 
buffer exchanges being synchronized through 
these status words, an improper resetting will trig- 
ger the error Err_Rx in the error status SYSERR. A 
value of 0 for DTRBSO or DTRBS1 means that the 
corresponding buffers are empty : this value must 
be written by the host. 


| _Field | Pos. | Val. | ___ Description _| 


BUFF_LENG | 3..0 | 8..1 | Number of valid bytes 
in the buffer 


Figure H1 : Rx Buffer Schematics 
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V - DATA BUFFER MANAGEMENT 


In the transmit path, the data buffer exchanges 
should always begin with the filling of buffer 0, then 
with the update of the buffer O status word. The 
initiation of the data exchanges is initiated then with 
the XMIT command. 


VI - BULK DELAY MANAGEMENT 


The processing of the bulk delay uses a simplified 
buffer exchange scheme. Each time the ST75C502 
has internally buffered enough symbols, it writes 
them inside the symbol buffer area, then computes 
the address inside the host space where these 
symbols should be written. This address is a rela- 
tive address inside the host data space, allowing 
thus the host to dispose this area the most conven- 
ient way. The target address is located in the SY- 
MADR(O..1] registers under a 16-bit form. 


These addresses must be defined by the user 
using the BULK command. It can be any valid 16 
bit number assuming the base address 
(BA_ADDR) is on a 8 byte boudary and the top 
address (TO_ADDR) is higher and on a 8 byte 
boundary minus 1. 


Eg : if we want to be able to cancel a 2 satellites 
Round trip delay we must have a bulk delay bigger 
than 2 times 560ms, lets say 1.5 seconds. The 
symbols needed are 1.5 - 2400 (8600 bytes). If we 
say that the base address is, for example, 

0x4230 the top address must be 0x503F 

(= 0x4230 + 3600 - 1). 

According to the current round trip delay, the 
ST75C502 computes the address of the symbols 
required for the far end echo computation. This 
address is computed (as the previous one) accord- 
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ing to a circular addressing scheme inside the 
base .. top address space. 


The symbol buffer status SYSSTA is then set to FF 
and the IT1 interrupt is raised. The host should then 
perform the following operations in sequence : 

1) read the address SYMADRIO..1] of the target 
location for the symbols, 

2) read SYMBU{7..0], the corresponding 
symbols, and store them at the addressed 
lolcation (8 symbols), 

3) readthe address SYMADT(O..1] of the symbols 
required by the ST75C502, 

4) fetch the required 8 symbols and store them in 
the SYMBUF[7..0] array, 

5) write the proper status word (00) in SYMSTA. 


The ST75C502 meanwhile pools for the status 
word to be 00, then stores the symbols inside its 
own memory space for processing and sets the 
status word to its idle value FF. 


VI.1 - Status Word 


The status word SYSSTA can have the following 
values : 


ae buffer owned by 


the DSP 
Symbol buffer owned by 
the host 


V1.2 - Interrupt 


Each time a symbol buffer is processed by the 
ST75C502 an IT1 interrupt is generated. The host 
has an 8 symbols time (8.3ms) to process this 
interrupt otherwise an error occurs that will be 
signaled into the SYSERR bit 2 ERR_SYM. 
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FUNCTION 


APPLICATIONS 


GENERAL DESCRIPTION 


MAIN FEATURES 


PRODUCT INFO 


SATURN 


V.32bis / V.17 
DATA / FAX / VOICE MODEM 


mw PC data/FAX/voice add-on card 
m= Stand-alone modem 
= PCMCIA communication cards 


SATURN is a System Adaptable TURN-key complete modem solution 
available as a chip set bundled with software package or as a ready 
to use demonstration board. 

The demonstration board includes a V.32bis/V.17 2 chip data pump 
(ST75C502/ST7544), a MC68302 16 bit MCU with software package 
(V.42, V.42bis, MNP2-5, FAX, V.25bis, AT commands), memories 
(EPROM, SRAM) and data interface (RS232, PCMCIA/AT bus). 


w All TQFP packages (PCMCIA compatible) 

m 2 chip data pump (ST75C502/ST7544) 

gw ITU-T V.32bis, V.32, V.22bis, V.22, V.23, V.21, V.17, V.29, V.27t, 
V.21 channel 2 

w Bell 103, 212A 

m Tone and DTMF programmable generation/detection 

mw V.42bis/MNP5 data comp/decomp (F.D. 115200Bps) 

m V.42/MNP4 error detection/correction 

m FAX class | and class II (EIA/TIA) 

m V.25bis automatic call / answer 

m AT command set 

m Adaptable data interface (RS232, AT bus/PCMCIA (ST7548)) 

m Easy MCU software customization (MMA licence) 
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BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS (CHIP SET) 
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| - INTRODUCTION 


This document describes the System Adaptable 
TURNkey (SATURN), a highly integrated High 
Speed modem built around the ST75C502 data 
pump from SGS-THOMSON microelectronics and 
the MC68302 software from Modem Manufactur- 
ers Associates. 


The ST75C502 data pump includes all ITU-T 
modulation standards from V.32 bis to V.22, V.17 
to V27 ter, and FSK V.23 & V.21. 


With its powerful 68000-family core CPU, the SAT- 
URN integrates Automatic Call Unit (ACU), error 
correction / data compression (i.e. V.42 bis, MNP 
5) and FAX functionality into a single processor and 
all with higher performance than was achievable 
with older 8-bit processor designs. 


Designed for use in a variety of environments, the 
SATURN may be connected to asynchronous and 
synchronous microcomputers and / or terminals. It 
is compatible with both dial-up (GSTN) and leased 
lines. 


Information contained herein serves as a develop- 
ment tool to instruct the modem manufacturer in 
both the SATURN’s basic design as well as cus- 
tomizing its operation to meet specific require- 
ments. 


The SATURN has been designed to satisfy two vital 
needs within the data communications equipment 
manufacturing industry : The software design of the 
SATURN allows the manufacturer to make custom 
modifications to suit customer-specific needs. As 
well, the power inherent in the SATURN’s software 
and hardware provide outstanding performance as 
well as a solid platform to accommodate recent 
technological innovations (e.g. V.FC, V.34, 
V.34bis). 


The SATURN design is made up of different "com- 
munications modules". Each module performs spe- 
cific tasks in the SATURN and all of them have been 
specified to conform with a clear and specific defi- 
nition for all pin connections. The modules perform 
functions such as the controller (otherwise referred 
to as the automatic call unit or ACU), data pump, 
data access arrangement (DAA), hybrid and audio, 
and RS-232 interface. 


Upgrades and new UCM’s will be added to the 
SATURN in the form of Appendices. Because of the 
modular structure of the SATURN’s basic design, 
any enhancements may be easily incorporated into 
any existing product. 
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l.1 - How this Manual is Organized 


This document has been written to familiarize the 
customer with the operation, use and features of 
the SATURN. The manual is divided into five chap- 
ters and four appendices. The chapters describe 
the SATURN’s operation as it is delivered to the 
customer. 


The appendices provide basic information about 
SATURN design as well as electricals schematics 
for each UCM. The parts list supplied gives the 
comprehensive bill of materials required to popu- 
late the printed circuit board as specified. 


Chapter | is an introduction to this manual and 


the SATURN. 

is an overview of the general features 

and functionality of the SATURN. 

Issues such as compatibility, front 

and back panel organization as well 

as jumper settings are among those 
discussed. 

gives a complete description of the 

SATURN’s AT Command set as well 

as the Facsimile and Autologon 

features. 

gives a complete description of the 

SATURN’s V.25 bis command set. 

gives a complete description of the 

SATURN’s S-registers, including 

default values and bit mapped 

arrangements. 

Appendix A_ shows the basic block diagram of the 
SATURN, and gives the different 
possible adaptation of the basic 
design. 

Appendix B_ shows a simplified layout schematic 
of the stand alone modem as it is 
delivered. 

Appendix C_ supplies the electrical schematics of 
the SATURN stand alone modem. 

Appendix D_ supplies the complete part list of the 
SATURN stand alone application. 


Chapter Il 


Chapter III 


Chapter IV 


Chapter V 


1.2 - Conventions 


Please note the following conventions used 
throughout this document. 


Signals 

High = 1 bit = +5V 
Low = 0 bit =0V 
Bit Order 


The bits within a byte are always numbered 0 
through 7 with 0 being the least significant bit (LSB). 
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ll - GENERAL DESCRIPTION 


The SATURN has been designed to transmit and 
receive data over standard telephone communica- 
tions lines in accordance with the following stand- 
ards/recommendations : ITU-T V.32 bis, V.32, V.23, 
V.22 bis, V.22, V.21, Bell 212A and Bell 103. For 
facsimile transmission, ITU-T V.17, V.29, V.27 ter, 
and V.21 channel 2 are supported. In addition, the 
SATURN supports MNP error correction and MNP 
Class 5 data compression as well as V.42 error 
correction and V.42 bis data compression. The 
latter can provide error-free full-duplex data trans- 
mission at data rates approaching 115.2 kbits/s. 
This is achieved through a combination of high 
speed modulation techniques (i.e. ITU-T V.32 bis 
which allows a basic rate of 14400 bits/s) coupled 
with the efficient data compression techniques pro- 
vided by the error correction and data compression 
protocols. 


In addition to the above features, the SATURN 
provides all of the standard features found on other 
commercially available modems including : Auto- 
matic dialing and call progress monitoring, autoan- 
swer capabilities, storage of modem configurations 
and telephone numbers in non-volatile internal 
memory, industry-standard AT command set, 
lamps that give visual indication of some aspects 
of the SATURN’s operating state and remote/inter- 
nal test modes. 


The AT command set deserves special mention. 
This feature allows the user to access or control the 
SATURN’s behaviour through the use of data sent 
to it through the DTE interface. Whenever the user 
issues such a command, a response will be sent 
that may occur in two forms. The first form is 
referred to as "information text". This consists of 
information that the user has explicitly requested 
as a part of a specific command (e.g. the | com- 
mand causes the SATURN to return information 
about its software version to the DTE as informa- 
tion text). The second form is referred to as a "result 
code" and gives information about either a change 
in operating state of the SATURN or the result of 
an AT command. For example, the result code "OK" 
will be sent after the completion of the | command 
while a "NO CARRIER" result code informs the 
user that a connection with a remote modem has 
been terminated. 


While result codes may be generated by the SAT- 
URN asynchronously (i.e. as an indication of a 
change in operating state rather than as a response 
to an AT command), information text is always sent 
as a response to a command. 
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Facsimile transmission and reception is also man- 
aged through extensions to the AT command set. 
The SATURN supports both EIA/TIA Class 1 and 
Class 2 command sets. 


ll.1 - Compatibility 


The SATURN supports the following ITU-T recom- 
mendations : 


V.32bis Full duplex asynchronous at 14400, 
12000, 9600, 7200 or 4800 bps with or 
without MNP, V.42 and V.42 bis. 

Full duplex synchronous at 14400, 12000, 
9600, 7200 or 4800 bps. 

V.32 Full duplex asynchronous at 9600 or 4800 
bps with or without MNP, V.42 and V.42 bis. 
Full duplex synchronous at 9600 or 4800 
bps. 

V.17 Half duplex synchronous at 14400, 12000, 
9600 or 7200 bps for fax tx & rx. 

V.29 Half duplex synchronous at 9600, 7200 or 
4800 bps for fax tx & rx. 

V.27ter Half duplex synchronous at 4800 or 2400 
bps for fax tx & rx. 

V.23 Full duplex asynchronous at 1200 bps in 
forward channel and 75 bps in reverse 
channel. 

V.22bis Full duplex asynchronous at 2400 bps with 
or without MNP, V.42 and V.42 bis. 

Full duplex synchronous at 2400 bps. 

V.22 Full duplex asynchronous at 1200 bps with 
or without MNP, V.42 and V.42 bis. 

Full duplex synchronous at 1200 bps. 

V.21 Full duplex asynchronous at 300 bps with 
or without MNP. 

Full duplex synchronous at 300 bps for 
facsimile transmission and reception. 


The SATURN also supports the following Bell 
standards : 


212A _ Full duplex asynchronous at 1200 bps with 
or without MNP, V.42 and V.42 bis. 
Full duplex synchronous at 1200 bps. 

103 Full duplex asynchronous at 300 bps with 
or without MNP. 


The SATURN supports facsimile transmission and 
reception through compliance with EIA/TIA stand- 
ard 578 (Fax Class 1) and proposal EIA 2388 (Fax 
Class 2). 


The SATURN incorporates V.42 and MNP levels 2 
through 4 error correction as well as V.42 bis and 
MNP Class 5 data compression. 
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11.2 - Front Panel 


The SATURN offers a lot of front panel LEDs with 
the following meanings : 


TX: Data Transmit (V.24 103). 

RX: Data Receive (V.24 104) 

DCD: Data Carrier Detect (V24 109). 
CTS: Clear To Send (V.24 106). 

DSR: Data Set Ready (V.24 107). 
DTR: Data Terminal Ready (V.24 108). 
OH: Off Hook indicator. 

TST: Test indicator (V.24 142). 

PWR: Power supply indicator. 


Two female 3.5 jack connector socket are available 
for the use of an external loudspeaker (HP) or an 
externel microphone (MIC). The internal electret 
microphone is located very close to the external 
microphone connector socket. 


ll.3 - Back Panel 


The back panel of the SATURN stand alone mo- 
dem consists of a DB25 female connector socket 
for the V.24 DTE interface (RS 232), a standard 2.5 
jack connector socket for connection to the 7.5V 
power supply (PW 7.5V), two RJ11c style jacks 
(one for the GSTN line connection - LINE - and the 
other for a phone connection - PHONE -) and a 
reset pushbutton (RST). 


11.4 - DB25 Pinout 


7 


8 [109 | Receive Line Signal Detect Output 


i 


108 


Local Analog Loopback 


11.5 - Dumb Mode 


The SATURN may be configured to ignore com- 
mands issued from the DTE. In order to do this, 
dumb mode must be enabled. When in dumb mode 
the SATURN ignores AT commands (including the 
escape sequence) and refrains from sending result 
codes to the DTE. This is especially useful in 
applications where the SATURN is permanently 
connected to a host that does not support the AT 
command set. In this case, the use of dumb mode 
ensures that only user data will flow between the 
SATURN and the host and that the SATURN can- 
not accidentally be placed in on-line command 
mode by user data. 


11.6 - Functional Operation 


This section describes the various operational 
modes that the SATURN may assume. Each of 
these modes exists so that a certain capability of 
the SATURN (e.g. command, data transfer) may be 
invoked. 


Command Mode 


For the SATURN to accept and process a com- 
mand it must be incommand mode. When powered 
up, it recalls the appropriate stored configuration 
(see the &V command) and then enters command 
mode from which you may place or receive calls, 
or alter any of its settings. If dumb mode has been 
selected, it is not possible to alter the settings of 
the SATURN because it does not response to AT 
commands. It is still possible to make or answer 
calls through other facilities provided by the SAT- 
URN (e.g. DTR dial, auto-answer) if an appropriate 
configuration was stored in its non-volatile memory 
previously. 


Connect Mode 


The SATURN is in this mode while the channel 
establishment procedures are occurring. The data 
pump handshake is performed at this time as well 
as any possible MNP or LAP-M link establishment. 
Note that the D command is used by the call 
originator and the A command (or auto-answer) is 
employed by the call answerer. The negotiation 
that occurs during the connect state will fail if the 
proper command is not given. 


If the SATURN has been configured for facsimile 
operation, the appropriate data pump handshake 
is performed while in connect mode. 


On-Line Mode 


To transmit or receive data, the SATURN must be 
in the on-line mode. This occurs once a connection 
has been established. In this mode, data received 
from the DTE is transmitted to the remote modem 
(with appropriate MNP, LAP-M or facsimile proc- 
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essing, as necessary) while data received from the 
remote modem is, in turn, passed onto the DTE. 


Time Independent Escape Sequence (TIES) and 
On-Line Command Mode 


The following text relating to TIES was extracted 
from the VEN-TEL document Rev 1.06. When 
transferring into on-line command mode, in every 
instance an "AT" command will follow the three 
character escape sequence (ex. +++). All "AT" 
commands or command strings MUST be pre- 
ceded by "AT" and terminated by the contents of 
S3 (typically a <CR>. 


The TIES escape sequence, as in all AT command 
strings, must be terminated by the contents of 
<S3>. If <CR> characters are detected immedi- 
ately before the <S3> terminating character, it is to 
.be ignored. This is the same as any normal AT 
command line. 


Note : TIES is an escape detection scheme - not an escape gen- 
eration scheme. 


A TIES escape sequence is comprised of the fol- 
lowing : 


a) A three character escape sequence user 
programmable case sensitive. 

b) Followed by mandatory "AT" characters non 
user programmable case insensitive. 

Cc) Followed by valid AT commands and settings 
case insensitive. 

d) Followed by a mandatory terminating 
character terminating character is stored in S3 
the default for <S3> is <CR>. 


Note : Case insensitivity only pertains to alpha characters. 


When a TIES modem detects a valid three charac- 
ter escape sequence, and only the three character 
escape sequence, itimmediately enters in the com- 
mand mode (no guard time is required). The mo- 
dem stays in the command mode until one of the 
following occurs : 


a) Detection of an invalid AT command string after 
the last character of the three character escape 
sequence. 

b) ATO (return to data mode) is detected in the 
subsequent valid AT command string. 

c) ATH (disconnect from telephone line) is 
detected in the subsequent valid AT command 
string. 

"Valid" Three Character Escape Sequence 


The TIES escape characters must be preceded by 
the standard three character escape sequence 
(typically +++). 

TIES requires that the three character escape se- 
quence be continuous and not repeated. That is, 
the character immediately preceding the first char- 
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acter of the three character escape sequence can- 
not be equal to the first character. For example, if 
the three character escape sequence is AAA, the 
character before the first A cannot be an A. If the 
three character escape sequence is +++, the char- 
acter before the first + cannot be a +. 


"Valid" AT Command Strings and Settings 


The three character escape sequence is monitored 
to recognize the first three valid characters, then an 
A must be detected, then a T must be detected 
followed by valid AT string(s) and setting(s). 


If the modem detects the valid three character 
escape sequence, followed by valid AT command 
string characters, and then is terminated by <S3>, 
the modem will execute the AT command and stay 
in the command mode. 


Note : The acceptable length of the TIES valid AT command 
String detection is 40 characters. 


"Invalid" TIES Command Strings 


Up to the terminating <S3> any invalid character(s) 
will immediately return back to the data mode. 


lf invalid AT commands are detected, TIES imme- 
diately returns back into the data mode and any 
valid commands which may have been in the string 
will be ignored and not implemented. 


Once the <S3> terminates a valid TIES escape 
sequence, any subsequent invalid AT command 
strings will not cause a return to the data mode. 
Only the normal return method is used (i.e. ATO or 
ATH). 


TIES "Ignore" Characters 


While detecting a valid TIES command string, it is 
possible that some characters may be detected 
which are not true AT commands. If TIES considers 
any AT commands as invalid, TIES will return the 
modem back to the data mode. This could give 
TIES the false reputation of not functioning with 
some software packages. 


To avoid these instances we must generate a list 
of characters which may be found in some AT 
command strings which will be considered ignore 
characters. These characters are to be treated as 
non-existent to the TIES escape command string. 
Ignore characters may be found any time or place 
between the third + (or equivalent value in S2) and 
the terminating <S3> character. 
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"Ignore" Character Table 


[cas [00 


Notes : 1.<CR> is ignired only when S3 ts not equal to 13 Decimal. 
2. Additional characters may be added to this ignore table 
as software packages are discovered which may use 
illogical characters for special applications 


The "OK" Response 


There are two conditions to which the "OK" response 
will be returned to the DTE : 


Note : The modem enters the command mode immediately upon 
detection of the valid three character escape sequence. Remem- 
ber, posting of the OK does not indicate when the modem actually 
entered into the command mode. The posted OK simply indicates 
the status of the mode. 


1) An OK response is posted to the DTE one EPD 
(Escape Prompt Delay) time (set in S12) after 
detection of the last character of the valid three 
character escape sequence. 


ITIS IMPORTANT TO NOTE, AT THIS POINT TIES 
HAS ALREADY ENTERED INTO THE COMMAND 
MODE - THE THREE CHARACTER ESCAPE SE- 
QUENCE AND ONLY THE THREE CHARACTER 
ESCAPE SEQUENCE CAUSED TIES TO ENTER 
THE COMMAND MODE - NOT THE EPD TIMER. 


The EPD time is used only for posting the OK 
message. The EPD time does not indicate when 
TIES actually entered into the command mode. 


The modem does not return OK if any characters 
are detected within one EPD time after the last 
character of the valid three character escape se- 
quence. 


If data is being received in condition 1), the data 
continues to be received as normal. The OK is 
returned in the receive data stream. That is, the 
received data may look like this : 


XXXXXXXXXXXXXXXXXXXXXOKXXXXXXXXXXXXXXXXXXXX 


2) An OK will be posted to the DTE upon detection 
of the AT followed by the TIES escape sequence 
with the terminating <S3> character. 


If data is being received from the remote modem 
in condition 2), the OK is sent on RXD and any 
further received data is blocked from appearing on 
the DTE. 


In condition 2), you will see two OKs posted. The 
two OKs will emerge if you wait the EPD time, then 
send the rest of the valid escape sequence with the 
<S3> terminator. 

If an OK has been sent to the DTE and the modem 
does not stay in the command mode, a proper 
"CONNECT XXX" must be sent indicating the mo- 
dem has returned to the data mode. 
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Note : In TIES, you may be in the command mode even if the OK 
has not been sent. GUARD TIME Time dependent escape se- 
quences require that no characters appear a pre-set time before 
and/or after the escape characters. TIES is unlike time dependent 
methods in that it functions whether or not guard time intervals are 
Been This allows TIES complete compatibility with both meth- 
ods. 

THE TIES ESCAPE SEQUENCE DOES NOT RE- 
QUIRE ANY TIME PERIOD OR GUARD TIME, 


WHATSOEVER. 


To be very specific, the three character escape 
sequence and subsequent AT command string can 
appear with or without a guard time. It makes 
absolutely no difference to the TIES detection 
scheme. 


On-Line Command Mode 


Once a connection has been established, the SAT- 
URN must be returned to the command mode 
before it will accept any AT commands. The escape 
sequence (the three characters "+++" received 
from the DTE) allows the user to put the SATURN 
into on-line command mode. Dropping DTR if the 
&D1 option has been selected will also cause the 
SATURN to make the transition from on-line mode 
to on-line command mode. 


In on-line command mode, operation of the SAT- 
URN is identical to command mode described 
above except that the physical connection with the 
remote modem is still maintained. 


Note that the O command is used to return to 
on-line mode. The H command will terminate the 
physical connection and leave the SATURN in 
command mode. 


Refer to the next chapter for a full description of the 
AT command handler and the escape sequence. 


Test Mode 


The SATURN will enter test mode when it receives 
a command (either from the user or from a remote 
modem) to do so. 


Various tests are supported by the SATURN, in- — 
cluding the capability to make a connection with 
itself locally (analog loopback) or echo data re- 
ceived from the remote modem back to that modem 
(digital loopback). Digital loopback may be local 
(initiated by an AT commana) or remote (initiated 
by a request from the remote modem). The SAT- 
URN can also initiate digital loopback in a remote 
modem. 


For more information about tests, refer to the de- 
scription of the &T command as well as S-registers 
916 and S18. 
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Ill - AT COMMANDS, FACSIMILE AND 
AUTOLOGON FACILITY 


This section discusses the operation of the AT 
command interpreter as well as describing all AT 
commands supported by the SATURN. Note that 
the SATURN includes the capability to have its 
command set modified as desired. Refer to chapter 
5 for more information. 


Also discussed here is the Autologon feature. With 
this, the user may implement a system where the 
SATURN provides a level of security designed to 
prevent unauthorized access to any data process- 
ing system. 


ll.1 - The AT Command Interpretor 


The SATURN implements the industry-standard AT 
command set in a manner consistent with that of 
most commercial modem manufacturers. These 
commands are only available to the user when the 
SATURN is in command or on-line command mode 
and are realized in the form of asynchronous char- 
acters received from the DTE. Here is a basic 
description of its operation : 


The AT Prefix 


All command lines must begin with the two letters 
"A" and "T". Either upper case or lower case is 
acceptable but both letters should have the same 
case. 


The SATURN attempts to determine the speed of 
the "A" by measuring the duration of its start bit. 
The "A" must be received at one of the speeds 
supported by the SATURN (i.e. 300, 1200, 2400, 
4800, 9600, 19200, 38400, 57600 or 115200 bps) 
or this process will not succeed and the command 
process will fail. 


Once the "A" and "T" characters have been re- 
ceived, the SATURN determines the parity of the 


DTE by analyzing the parity bits of these two char-. 


acters. All result codes and information text issued 
by the SATURN will be generated with this parity. 


The following asynchronous character formats are 
supported : 


a 


If the SATURN receives a character but fails to 
detect it as an "A", it begins to search for another 
"A" character. If the SATURN receives an "A" but it 
is not followed by a "T", the SATURN begins 
searching for an "A" again. 


IST Rate ieeaa tae 
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The A/ Command 


If the characters A/ (instead of AT) are received, the 
SATURN will re-execute the most recently received 
command line. In this case, the parity is assumed 
to be the same as that of the most recently received 
AT prefix. 


Command Line Characters 


All characters that follow the AT prefix are taken to 
be commands (these are described below). 


The parity bit of all command characters is ignored. 


Spaces (20 Hex) between command characters 
(and option characters) are ignored. 


No more than 255 command line characters are 
allowed. If more than this is received, the command 
line will be ignored and the "ERROR" result code 
will be returned when the carriage return character 
is received. This behaviour applies even if an at- 
tempt to remove the excess characters is made 
using the backspace character. 


The Carriage Return Character 


The carriage return character is used to signify the 
end of the command line. When this character is 
received, the SATURN will begin to process the 
command characters previously received. 


The default value for this character is Control-M (D 
Hex) but it may be changed through modification 
of the appropriate S-register. 


The Backspace Character 


The backspace character is used to edit the com- 
mand line. If it is received, the SATURN will ignore 
the most recently received command character 
and issue a backspace-space-backspace se- 
quence to the DTE (if echoing is enabled). 


If an attempt is made to backspace onto the AT 
sequence, the SATURN will ignore the backspace 
character and take no action. 


The default value for this character is Control-H (8 
Hex) but it may be changed through modification 
of the appropriate S-register. 


Characters Ignored by the SATURN 


Other than the above characters, all ASCII control 
characters (value less than 20 Hex) are ignored. 


Processing Command Characters 


The SATURN processes each command character 
in the sequence that It was received. Any change 
in operational state required by a command occurs 
as soon as the command is processed. 


If an error occurs in the processing of a command, 
the SATURN will stop processing the commandline 
and output the "ERROR" result code. 
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The detection of an unimplemented command during 
processing causes a command processing error. 


Some commands (e.g. E, |, Q, V) may be followed 
by numeric arguments which select a particular 
option for that command. If the argument is miss- 
ing, a value of zero is assumed. If the value is 
outside the valid range of arguments for that com- 
_mand, a command processing error occurs. 


If command line processing completes without er- 
ror, the "OK" result code will be output. 


111.2 - Basic AT Commands Supported by the 
SATURN 

This section discusses the AT commands generally 
used to handle the transmission of asynchronous 
data. 

A: Answer mode 

Causes the SATURN to go off hook and attempt a 
handshake in answer mode. 


B : BellTU-T Mode 


BO ITU-T modulation schemes are used 
(at 1200 bps). 
Bt Bell modulation schemes are used 


(at 1200 bps). 
D : Dial Number 


Instructs the SATURN to go off-hook and execute 
the dial string which follows the D. Commands 
which may be part of the dial string are listed below. 
Any unrecognized character in the dial string is 
ignored. Once dialing is complete, the SATURN 
attempts a handshake in originate mode (unless 
the R parameter is given). 


0-9 (any nu- Causes the indicated symbol to 

meric digit) be dialled. 

A, B, C, D, # Causes the indicated symbol to 

or* (tone dial be dialled. 

only) 

P Causes subsequent numbers to 
be pulse dialled. 

T Causes subsequent numbers to 
be tone dialled. 

R Forces the SATURN to dial a call 
in answer mode. 

W Causes the SATURN to wait fora 
dial tone using S7 as a time out. 

Causes a delay, determined by 
58, before the SATURN proceeds 
with the next command or digit. 

| Causes the SATURN to go on- 
hook for .5 sec and then off-hook 
for .5 seconds before continuing. 
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@ Causes the SATURN to wait until 
it detects 5 seconds of silence 
before continuing. 

Causes the SATURN to go to the 
command mode when the 
number is dialled. In order to 
proceed with channel 
establishment mode ATO or ATD 
must be entered. Any characters 
that follow this parameter are 
treated as AT commands. 

L Causes the last telephone 
number that was dialled by the 
SATURN to be re-dialled. 

S Causes the SATURN to dial the 
number in stored position "n" 
[format is S =n or Sn]. 

Causes the SATURN to skip 
emitting calling tone after dialling. 


Note : If S41 Is set to a value other than 0, the SATURN will at- 
tempt a maximum of S41 redials upon call failure. 


E : Echo Commands 


Defines whether characters are echoed back from 
the SATURN to the DTE when in command mode. 


EO Command echo inhibited. 
E1 Command echo enabled. 


H : Hook Switch Control 
Controls the hook switch relay of SATURN. 


HO Causes the SATURN to go on-hook. 
H1 Causes the SATURN to go off-hook. 


In error correction mode $38 dictates the delay 
before going on-hook. 


| : Interrogate SATURN Status 


lO Requests SATURN product code. 

1 Requests that a checksum calculation be 
performed on the software ROM. The 
answer is displayed as three hexadecimal 
digits. 

l2 The SATURN performs a ROM checksum, 
compares the result against a stored value, 
and returns an OK or ERROR message 
depending on the success of the 
comparison. 

I3 The SATURN sends its firmware revision 
number. 

l4 The SATURN sends its ASCII string test. 

I5 The SATURN sends its data pump chipset 
revision. 


son 


SZ See ees 


L : Speaker Volume 
Sets the speaker volume when speaker is on. 


LO Low volume. 

L1 Low volume. 

L2 Medium volume. 
L3 High volume. 

M : Speaker Control 


Controls how speaker behaves when off-hook. 


Mo Speaker always off. 

M1 Speaker on until handshake is complete. 

M2 Speaker always on. 

M3 Similar to M1 except speaker is off when 
dialing. 

N : Handshaking 

Selects whether a connection will be forced to a 

specific speed. 

NO Sets the required connection speed to that 
set under S37. 


N1 If S-register S37 is not equal to 255 it allows 
handshaking at the highest speed 
supported by both modems. If S-register 
S37 equals 255 it allows handshaking at 
the highest speed supported by both 
modems and DTE. 


O : Return to On-Line State 


Applicable when a physical connection with a re- 
mote modem exists and the SATURN is in the 
on-line command state. 


O0 Returns the SATURN to the on-line state. 

O1 As OO except that when a 2400 bps or 
higher connection is established an 
equalizer retrain sequence is transmitted. 

P: Pulse Dialing 

Causes subsequent dial digits to be executed as 

pulses. 

Q : Return Result Codes 


Defines whether or not the SATURN will issue 
result codes to the DTE. 


QO Result codes returned. 

Q1 Result codes not returned. 

Q2 Result codes returned in originate mode 
only. 


T : Tone Dialing 


Causes subsequent dial digits to be executed as 
DTMF tones. 


V: Verbose mode 


Defines the form of result codes returned by the 
SATURN. 


SATURN User’s Manual 


VO Numeric form responses enabled. 

V1 Verbose responses enabled (English 
responses). 

W : Connection Result Codes 


Defines the type of (extended) negotiation result 
codes to return. 


WO Negotiation codes not reported. 

W1 Negotiation codes reported in 3 line format 
(Hayes format). 

W2 Negotiation codes reported in 1 line format 
(Microcom format). 

X : Extended Response Codes 


Defines the GSTN network tones which are recog- 
nized by the SATURN. 


XO Causes the SATURN to ignore any 
network tones and omit the connection 
speed message. 


X1 As above but enables the connection 
speed result codes. 

X2 Causes the SATURN to detect dial tone. 

X3 Causes the SATURN to detect busy tone. 

X4 Causes the SATURN to detect busy and 
dial tones. 

X5 Causes the SATURN to report ringing, but 
dial tone is ignored. 

X6 Causes the SATURN to perform adaptive 
dialing (automatically determine if dialing 
can be performed using DTMF signalling). 


Y : Long Space Disconnect 


YO Disabled. 

Y1 Enabled. 

When set for Y1, on-line and not in error correction : 
The SATURN will disconnect if it receives a continu- 
ous "break" from the remote modem for a period of 
time greater than or equal to 1.6 seconds. As well, 
when the SATURN is instructed by the DTE to hang 
up it will send a 4 second break to the remote modem 
prior to going on-hook. 

Z : Recall User Configuration 

The user configuration stored in non-volatile mem- 
ory is recalled to become the active configuration. 


ZO Resets SATURN and recalls user profile 0. 
Z1 Resets SATURN and recalls user profile 1. 
Z2 Resets SATURN and recalls user profile 2. 
23 Resets SATURN and recalls user profile 3. 


&A : ODP/ADP for V.42 Initiator 


Defines whether the SATURN will send the ODP 
(Originating Detection Pattern) and detect the ADP 
(Answer Detection Pattern) when initiating a V.42 
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handshaking. This command is effective only when 
the SATURN is set for V.42 auto-reliable. 


&AQ The SATURN will not transmit the ODP 
thus will not detect the ADP and will 
immediately beginning synchronous 
handshaking. 

&A1 The SATURN will transmit the ODP and 
detect the ADP. 

&B : Data Terminal Equipment Speed in Data 

Mode 


&BO | DTE speed equals the line speed. 
&B1 DTE speed equals the speed of the last AT 
command or the default value on power up. 


&C : Data Carrier Detect Options 


Defines what the SATURN outputs as the DCD 
signal on the DTE interface. 


&CO The interface control signal DCD is always 
ON. 

&C1  Incommand and connect modes the DCD 
signal is OFF. When on-line without error- 
correction, the signal DCD remains OFF 
until the carrier is detected, for the period 
defined by S9, at which time DCD goes 
ON. When on-line with error correction, the 
signal DCD goes ON once error correction 
is established. 

&D : Data Terminal Ready Options 


Defines how the DTR signal is interpreted by the 
SATURN. If S25 is not zero the DTR signal is 
ignored for S25 seconds after a call is indicated 
(See S25 definition). 


For asynchronous mode : 


&DO  DTR is ignored. 

&Di If DTR drops for a period of S25 
milliseconds while the SATURN is on-line, 
the effect is the same as if the escape 
sequence is received, forcing the SATURN 
into command mode without dropping the 
connection. At other times DTR is ignored. 

&D2 DITR functions as ITU-T circuit 108.2. 
While DTR is OFF the SATURN will not 
answer a Call. lf DTR drops for a period of 
$25 milliseconds while the SATURN is on- 
line, the call is immediately terminated. 

&D3 = As for &D2 except that the transition of the 
DTR signal from ON to OFF has the same 
effect as entering the ATZ command 
except that the retrieved configuration 
profile will be as per the &Y command. 

For synchronous mode : 


If &Q1 is set, DTR is interpreted as for asynchro- 
nous mode when off-line and placing calls. When 
on-line and set for &D1, an ON to OFF transition of 
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DTR will cause the SATURN to enter asynchronous 
on-line command mode. For all other &D settings 
an ON to OFF transition of DTR will cause the 
SATURN to hang up. 

If &Q2 is set the &D command is ignored. A OFF to 
ON transition of DTR when off-line will cause the 
SATURN to initiate a call using the telephone num- 
ber stored in location 0. An ON to OFF transition of 
DTR when on-line will cause the SATURN to hang 
up. No calls will be answered if DTR is low. 


If &Q3 is set the &D command is ignored. A OFF to 
ON transition of DTR when off-line will cause the 
SATURN to initiate a call using the ATD command. 
An ON to OFF transition of DTR when on-line will 
cause the SATURN to hang up. No calls will be 
answered if DTR is low. 


&E : Auto Retrain 


Determines whether the SATURN will suspend 
transmission and send a retraining sequence if line 
conditions deteriorate. 


&EO Disable auto retrain & enable auto 
disconnect. 

&E1 Enable auto retrain & auto disconnect. 

&E2 Disable auto retrain & auto disconnect (for 
B.E.R. test, only when direct or normal 
modes). ‘ 

&F : Recall Factory Configuration 


The factory configuration contained in the ROM is 
loaded to become the SATURN’s active configura- 
tion. 


&FO V.42 factory defaults. 

&F 1 MNP factory defaults. 

&F2 Basic asynchronous operation defaults. 
&G : Guard Tone 


Defines what guard tone SATURN transmits when 
answering a call (1200, 2400 bps). 


&GO No guard tone. 
&G1  550Hz guard tone. 
&G2  1800Hz guard tone. 


&l : Break Mode Control 


Defines how the SATURN handles a break condi- 
tion on the DTE interface. 


&10 The break is sent in sequence with the 
received data (non-expedited / non- 
destructive). 

&l1 The break is immediately passed through 
without buffering by either modem (non- 
destructive / expedited). 

&l2 The break is expedited and destructive. 
The break causes the data buffers at both 
ends to be cleared and the break is 
immediately passed through. 
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&K : Flow Control 


Defines the flow control options 


&KO 
&K3 
&K4 


&K8B 


&K12 


&K16 


&K20 


Flow control is off. 

Hardware Flow Control [RTS/CTS]. 
Software Flow Control [Local XON/XOFF]. 
In this mode the SATURN recognizes and 
transmits the XON/XOFF characters from 
and to the DTE in order to start or stop data. 
The SATURN will not transmit the 
XON/XOFF characters received from the 
DTE to the remote modem. 


Unidirectional Software Flow Control 
[Transparent XON/XOFF]. In this mode the 
SATURN recognizes the XON/XOFF 
characters from the DTE in order to start or 
stop data. The SATURN will also transmit 
the XON/XOFF characters received from 
the DTE to the remote modem. With this 
type of flow control, the SATURN does not 
use the XON/XOFF characters to flow 
control the DTE. 

Software Flow Control [Local/Transparent 
XON/XOFF]. In this mode the SATURN 
recognizes and transmits the XON/KOFF 
characters from and to the DTE in order to 
start or stop data. The SATURN will also 
transmit the XON/XOFF characters 
received from the DTE to the remote 
modem. 

Software Flow Control [Internal 
XON/XOFF - for non error correcting 
mode]. In this mode the SATURN 
recognizes and transmits the XON/XOFF 
characters from and to the remote modem 
in order to start or stop data. The SATURN 
will not transmit the XON/XOFF characters 
received from the remote modem to the 
DTE. There is no flow control on the DTE 
interface. This is also known as DCE to 
DCE software flow control. 

Software Flow Control [Internal and Local 
XON/XOFF - for non error correcting 
mode]. In this mode the SATURN 
recognizes and transmits the XON/XOFF 
characters from and to the remote modem 
in order to start or stop data. The SATURN 
will not transmit the XON/XOFF characters 
received from the remote modem to the 
DTE. The SATURN also recognizes and 
transmits the XON/XOFF characters from 
and to the DTE in order to start or stop data. 
The SATURN will not transmit the 
XON/XOFF characters received from the 
DTE to the remote modem. 
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&L : Line Type Select 


Selects if the SATURN operates in lease line mode 
or GSTN. 


&LO GSTN mode. 
&L1 Leased line mode. 


In lease line mode user has to set Bit 7 o f S14 
depending on whether he wants “answer” or “call” 
mode. Bit 7 of S14 is automatically set when 
entering the "D" command and automatically 
cleared when entering the "A" command. In this 
mode the SATURN will attempt a line connection 
at the same rate as the DTE speed (up to 14 400). 
It will attempt to handshake for 30 seconds. If it fails 
it will report NO CARRIER and will give the user 3 
seconds to enter a command. If during this time no 
user commands were entered, the SATURN will 
again proceed with a 30s handshaking. This will go 
on until a connection succeeds-or until a user 
command is entered between handshaking _at- 
tempts. If lease line is configured in the stored 
profile to retrieve on power up, the SATURN will 
enter handshaking after power up at the DTE 
speed (S23) and mode (Bit 7 0 f S14) stored in this 
profile. The user can break this procedure by en- 
tering any AT command after the NO CARRIER 
message. 


| 300 | 30019200 | 14400 
| 1200 | 1200 | 38400 | 14400 
| 2400 | 2400 | 57600 | 14400 
| 4800 | 4800 t15200 | 14400 
| 9600 | 9600 | - | = | 


&N : Error Control Fallback Character 

Selects if the fallback character is to be checked for 
during the error contro! mode negotiation se- 
quence. This character will cause the SATURN to 
immediately fall back to regular asynchronous 
mode. This character is stored in S46. 


&NO ‘Disable fallback contro! character. 
&N1 Enable fallback control character. 


Note : This command affects how data received from the DCE is 
processed. 


&O : Error Control Buffer Control 
Determines buffering to be performed during the 
error control negotiation period. 


&O0 
&O1 


Discard data received during negotiation. 
Buffer data received during negotiation. 
The buffered data will be sent to the DTE 
after the connect result code if error control 
negotiation fails. 


Note : This command affects how data received from the DCE is 
processed. 
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&P : Pulse Dial Make/Break Ratio 


Sets the make/break ratio to be used when pulse 
dialing. 


&PO 39% / 61% ratio for North American 
telephone networks. 

&P1 33% / 67% ratio for United Kingdom 
telephone networks. 


&Q : Communications Mode 


Selects the operating mode of the SATURN. If the 
SATURN is in error control mode and S36 is not 
equal to 0, it will automatically fallback to asynchro- 
nous operation when communicating with a mo- 
dem that does not support error control. 


&QO Asynchronous mode. 

&Q1 Synchronous mode 1. 

&Q2 Synchronous mode 2. 

&Q3 Synchronous mode 3. 

&Q4 Asynchronous direct mode. 
&Q5 = MNP error control mode. 
&Q6 _~*V.42 error contro! mode. 


&Q7 ‘-V.42 errorcontrol only (overrides S-register 
S36). 


Synchronous Mode 1 : This mode is used for 
terminals which communicate both synchronously 
and asynchronously over the same port. The SAT- 
URN initiates a call in asynchronous mode using 
the standard dial commands and switches to syn- 
chronous operation once a connection has been 
established. Striking a key during dialing will abort 
the call and return the OK prompt. If the key is 
pressed after dialing but before the connect mes- 
sage, the NO CARRIER message is displayed. 


Once a connection has been established, the SAT- 
URN ignores the state of DTR for a period set by 
the value of S25 in seconds. After the pause, if the 
SATURN identifies DTR as being ON, the SATURN 
enters the synchronous state and data transfer can 
start. If DTR is identified as being OFF for the period 
of time specified by S25 in milliseconds, the SAT- 
URN disconnects and returns to the asynchronous 
command state. It will disconnect if &D is set to 
either &DO, &D2 or &D3. When set to &D1 if DTR 
is OFF, the SATURN enters asynchronous on-line 
command mode. 


Synchronous Mode 2 : This mode is for synchro- 
nous terminals or asynchronous computers with a 
synchronous card. In this mode, when DTR OFF- 
to-ON transition is detected, the SATURN automat- 
ically dials the number stored in position 0. When 
DTR ON-to-OFF is detected for a period longer 
than the value contained in S25, the SATURN 
hangs up and returns to asynchronous command 
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mode. If the carrier is lost for a period of time longer 
than the value contained in S10, the SATURN 
hangs up and returns to asynchronous command 
mode. In synchronous mode 2 the DTR setting 
selected with the &D command is ignored. 


Synchronous Mode 3 : This mode is used with 
either synchronous terminals or asynchronous 
computers with a synchronous card. Mode 3 is 
used when there is a need for the call to be placed 
in "voice" mode and then switched to "data" mode. 
The operator manually dials the required number 
and then switches the SATURN to data mode by 
turning DTR ON. When carrier is lost for a period 
of time longer than the value contained in S10, the 
SATURN exits the synchronous on-line state and 
returns to asynchronous command state. When 
DTR ON-to-OFF is detected for a period longer 
than the value contained in S25, the SATURN 
hangs up and returns to asynchronous command 
mode. In synchronous mode 3 the DTR setting 
selected with the &D command ts ignored. 


&R : Clear to Send 
(When in Synchronous On-Line State) 


Defines the state of the CTS signal while the SAT- 
URN is on-line in synchronous mode. 


&RO CTS is OFF whenever RTS is OFF. When 
RTS goes ON, CTS goes ON after a delay 
defined by S26. This is the normal setting 
for full duplex synchronous operation. 

&R1 CTS remains ON whenever the SATURN 
is on-line. 


&S : Data Set Ready Options 


Defines how the DSR signal is handled by the 
SATURN. 


&SO  =DSR is always ON. 

&S1 DSR is compatible with ITU-T 
recommendations. In command mode 
DSR is OFF. When originating a call DSR 
is forced ON when the SATURN receives 
2100Hz (or 2225Hz) answer tone, or (if this 
is absent) when valid carrier is detected. 
When answering a call DSR is forced ON 
during handshaking as defined by V.25. 


&T : Test Commands 


&T0O —_—‘Test currently in progress is terminated. 
&T1 Local analog loopback test is initiated (ITU- 
: T V.54). 
&T3 Local digital loopback test is initiated. 
&T4 Allows SATURN to respond to a request 
(from remote modem) for a Remote Digital 
Loopback. 
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&T5 ~~ Prohibits the SATURN from granting a 
request from the remote modem for a 
Remote Digital Loopback. 

&1T6 Remote digital loopback test (ITU-T V.54) 
when on-line. 

&T7 Not implemented. 

&T8 Not implemented. 

&1T9 Enable test with 140 and 141 signals of the 

V.24 interface. 

Disable test with 140 and 141 signals of the 

V.24 interface. 


&U : Data Compression 


&U0 Data compression disabled. 

&U1 Data compression enabled. This 
command is only meaningful when the 
SATURN is set to &Q5, &Q6, &Q7, \N2, 
\N3, \N4, \N5, \N6 or \N7. 

&V : Display Configuration 

Causes the SATURN to display the its current 

configuration of AT commands. 


&VO _-—CDisplays the active configuration, stored 
profiles O and 1 as well as the first 3 stored 
phone numbers. 

&V1 __— Displays stored profiles 2 and 3 as well as 
the first 4 stored phone numbers. 


&W : Write a Profile to Memory 


The SATURN’s active configuration is stored in the 
non-volatile memory as Profile 0, 1, 2 or 3. 


&WO User profile 
&W1 ~~ User profile 
&We2 User profile 
&W3 User profile 
&X : Synchronous Clock Source 


Defines the source of the transmit clock when the 

SATURN is operating in synchronous mode. 

&XO Internal. 

&X1 External (from RS-232 (V.24) interface). 

&X2 Slave receive. The SATURN uses its 
receiver derived clock to drive the 
modulator. 


&Y : Recall Preset Configuration on Power Up 


&T10 
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number is 36 digits. The format of the stored num- 
ber is identical to that accepted by the D command. 


&Zn = xstores telephone number "x" in position n. 
&Zn? displays the telephone number stored in 
position n. 


Il.3 - "VW" and "%" Style Commands 


The "\" and "%" commands supported by the SAT- 
URN follow : 


%A : Auto-Reliable Fallback Character 


n = 0-127ASCIlI (same effect as changing S46) 
%C : Data Compression (same as &U command) 


%CO Compression Off (Same as &U0). 

%C1 Compression On (same as &U1). 

%D : Disposition of Buffered Data upon 

Hang up 

%DO Hang up without clearing buffer. 

%Dn Wait for receive buffer to be sent to DTE 
before hanging up. n = number of seconds 
to wait (Same as S38). 

%En : Fixed Compromise Equalizer 


%EO Fixed compromise equalizer disabled. 

%E1 Enables fixed compromise equalizer 1 
(3 dB). 

%E2 Enables fixed compromise equalizer 2 
(6 dB). 

%H - PTT Testing Utilities 


Facilities PTT testing of signal levels by providing 
continuous signals regardless of whether the mo- 
dem is connected or not. The signal transmitted is 
in accordance with the parameter provided. 


This is a range of commands that allow the user to 
initiate a series of signals that are necessary for 
PTT approval. The signals emitted include answer 
tone, modulation, carriers, and other pertinent sig- 
nals. A test is initiated upon receipt of an %H, and 
the test is aborted when a ATH command is en- 
tered. The modem will continuously transmit the 
tone or carrier according to the parameter supplied 
and to S35 output level (except for DTMF tones). 


%HO-%H9 DTMF tone dial digits 0 to 9. 


The profile stored under &WO, &W1, &W2 or &W3 “H10.— DIMF digit *. 
can be assigned as the default profile which is 9 “111 DMF digit A. 
automatically installed on power up. a. ales . 
&YO Designate user profile 0. ont 4 DTME digit 4 
&Y1 Designate user profile Le oH15 DTMF digit D. 
ste Designate aoe profile 2. %H16 V.21 channel 1 mark (originate) symbol. 
&Y3 Designate user profile 3. %H17 ——~*V.21 channel 2 mark symbol. 
&Z : Store Number Command %H18  V.23 backward channel mark symbol. 
Store the desired telephone number in location 0 %H19 V.23 forward channel mark symbol. 
through 9. The maximum length of each stored %H20 Not used. 
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%H21 V.22 originate (call mark) signalling at %H50 V.32 - 9600. 


1200 bps. %H51 V.32 bis - 4800. 
WH22 V.22 bis originate (call mark) signalling %H52 V.32 bis - 7200. 
at 2400 bps. %H53 V.32 bis - 9600. 
%H23 V.22 answer signalling (guard tone if %H54 V.32 bis - 12000. 
selected). %H55 V.32 bis - 14400. 
%H24 V.22 bis answer signalling (guard tone %H56 V.21 channel 2 carrier detection. 
if selected). %H57 V.27ter 2400 bps carrier detection. 
%H25 V.21 channel 1 space symbol. %H58 V.27ter 4800 bps carrier detection. 
%H26 V.32 9600 bps. %H59 V.29 7200 bps carrier detection. 
%H27 V.32 bis 14400 bps. %H6O V.29 9600 bps carrier detection. 
%H28 V.21 channel 2 space symbol. %H61 V.17 7200 bps carrier detection. 
%H29 V.23 backward channel space symbol. %H62 V.22 originate carrier detection at 1200 
%H30 V.23 forward channel space symbol. bps. 
%H31 Silence (on-line), i.e., go off-hook. %HE3 V.17 9600 bps carrier detection. 
%H32 V.25 answer tone. %H64 V.22bis originate carrier detection at 
%H33 1800 Hz guard tone. 2400 bps. 
%H34 V.25 calling tone (1300 Hz). %HE5 V.17 12000 bps carrier detection. 
%H35 Fax calling tone (1100 Hz). %HEE \V.22 answer carrier detection at 1200 bps. 
%H36 V.21 channel! 2 half duplex (for Fax %H67 V.17 14400 bps carrier detection. 
application). %HE8 V.22bis answer carrier detection at 
%H37 V.27 ter 2400 bps. 2400 bps. 
%H38 V.27 ter 4800 bps. Note : The short train V.17 commands generates first a long train 
%H39 V.29 7200 bps. Learned E soos of data mode, then a short train after 1 sec- 


%H40 V.29 9600 bps. 

%H41 V.17 7200 bps long train. 
%H42 V.17 7200 bps short train. 
%H43 V.17 9600 bps long train. 
%H44 V.17 9600 bps short train. 
%H45 V.17 12000 bps long train. 


For carrier detection measurements, the connec- 
tion must be done with a remote modem by typing 
the proper %H command as described in the fol- 
lowing table, and then modifying the line attenu- 
ation. The 109 V.24 line follows the carrier detection 


%H46 _—*V.17 12000 bps short train. See 

obaed V.17 14400 bps long train. In FSK modes, mark and space signaling can be 
Dalia V.17 14400 bps short train. inverted in order to make exhaustive measure- 
*H49 —s«V«.32 - 4800. ments. (see table 1) 

Table 1 


| Mode | ~—Command | Measurement | = Mode —|_— Command =|‘ Measurement 
igh ch) 
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%K : V42/MNP Window Size 

%Kn Maximum window size. 1<n<15. 

%L : Line Signal Level Options 

%LO Return received line signal level in dB. 
%Li Return data pump’s line status report. 
%P : Negative ADP Selected 


%PO Disabled. 


%P1 Enabled (only when normal mode 
selected, &QO, \NO). 


%Qn : Ignore Keyboard Abort On Answer 


%Q0 Disabled. 

%Q1 Enabled. 

%R : Attempt to use CRC-32 When in V42 
%RO Disabled. 

%R1  ~Enabled. 

%S : Attempt to use Selective Reject When 
in V42 

%SO0O Disabled. 

%S1 ~~ ~Enabled. 

%T : Attempt to Negotiate Ability to Send Loop- 
back Test Frames When in V42 

%TO Disabled. 

%T1 Enabled. 


When negotiation succeeds after a V42 connec- 
tion, a user can enter the command AT & T6 to test 
the line integrity. The SATURN will report test 
passed or test failed. 


%V : V25 bis Selection 
Speed as per 823 bits 3, 2, 1 and S39 bits 3,2. 


%V0 AT command set. 
%V1  V25 bis command set asynchronous. 


%V2 V25 bis command set synchronous BSC. 

%V3 25 bis command set synchronous HDLC 
(NRZ). 

%V4 25 bis command set synchronous HDLC 
(NRZI). 


%W -Acknowledgment Timer (T4071) 


%Wn Wait to retransmit time out. 0<n<63 
T401 = 4 seconds +n x 100 ms. 


exception when in MNP mode : 
if n = 0 = use Microcom timers. 
ifn = 63 = use ITU-T V42 Annex A timers. 
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%Y : MNP Synchronous/Asynchronous 


%YOQ Use synchronous mode when possible. 
%Y1 Always use asynchronous mode. 


1A : Error Correction Maximum Block Size 


\AO Sets maximum block size for error 
correction to 64 characters. 

\A1 Sets maximum block size for error 
correction to 128 characters. 

\A2 Sets maximum block size for error 
correction to 192 characters. 

\A3 Sets maximum block size for error 
correction to 256 characters. 


\B : Send Break (In On-Line Command Mode 
Only) 


Bn Causes a break to be sent to the remote 
modem. The parameter "n" (0-9) is the 
break duration in 100s of milliseconds. If n 
is O or omitted, a 300 millisecond break will 
be sent. 


\C : Data Buffering During Error Corrected Link 
Negotiation 


Determines how the SATURN will process incom- 
ing data from the remote modem while trying to 
negotiate an error corrected link. 


\CO Does not buffer data during error corrected 
link negotiation and does not recognize the 
fallback character specified by the %A 
command or S46. 

\C1 Buffers all data until 128 characters are 
received but does not recognize the 
fallback character. 

\C2 Buffered data until 128 characters are 
received or until it detects the fallback 
character. 


\G : Modem-to-Modem Flow Control During a 

Normal Connection 

\GO No modem-to-modem flow conirol. 

\G1 Use modem-to-modem software flow 
control (XON/XOFF). 

lJ : Automatic DTE Speed Adjust 

\JO Serial port rate is not adjusted to the 
connection rate (Same as &B1). 


\J1 Speed of the serial port is matched to the 
speed of connection (same as &BO). 
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\K : Break Handling 


\K1 The break is expedited and destructive. 
The break causes the data buffers at both 
ends to be cleared and the break is 
immediately passed through. 

\K3 The break is immediately passed through 
without buffering by either modem (non- 
destructive/expedited). 

\K5 The break is sent in sequence with the 
received data (non-expedited, non- 
destructive). 

\N : Operational Mode 


\NO Buffered or Normal asynchronous mode. 

\N1 Direct mode. 

\N2 Reliable MNP. 

\N3 Auto-reliable MNP (fallback to non error 
correction). 

\N4 Reliable V.42. 

\N5 Auto-reliable V.42 (fallback to non error 
correction). 

\N6 Reliable V.42/MNP. 

\N7 Auto-reliable V.42/MNP (fallback to non 
error correction). 

\S : Display Configuration 


\SO Same as &VO. 
\S1 Same as &V1. 


lV : Extended Result Codes 


\vO Suppress extended result codes 
(same as WO). 

\1 Enable extended result code 
(same as W2). 


\Y : Attempt Error Corrected Link (On Line Com- 
mand Mode Only) 


The modem will attempt to establish an error cor- 
rected link when this command is issued if the 
modem has already made a connection in either 
normal or direct mode. 


\Z : Terminate Error Corrected Link (On Line 
Command Mode Only) 


The modem will attempt to switch to normal mode 
if a reliable link is currently active. This also will 
cause the remote modem to attempt this switch. 
Any data in the buffer at this time may be lost. 


Ill.4 - Facsimile AT Commands Supported by 
the SATURN 

This section describes the extended AT com- 
mands, implemented in the SATURN, that are used 
to support the transmission and reception of fac- 
simile files. Commands discussed in EIA/TIA 
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standard 578 (Fax Class 1) and the Class 2 Fax 
command set are given here. 


General Comments on Fax AT Commands 


All commands require the AT prefix and are gener- 
ally entered in the same way as the data modem 
AT commands (see the discussion at the beginning 
of the previous section for a detailed description of 
how commands are entered). 

All commands except "+FTS" and "+FRS" support 
a syntax of the form "+<COMMAND>X" where X 
may be any of three different strings. The string "=" 
is used to provide a value for execution by the 
command. The string "=?" is used to interrogate the 
command as to its range of acceptable values (i.e. 
the command returns a string of comma-separated 
values that are those that can be provided to the 
command via the "=" string). The string "?" is used 
determine the value for that command that is cur- 
rently in use. 

All commands except "+FCLASS" cause a com- 
mand processing error if received when the SAT- 
URN is on hook. 

The transmit and receive facsimile commands re- 


quire a modulation parameter <MOD>. Below is a 
list of the possible values of <MOD>: 


[95 v.29 9600 
es [ves twiet [9600 


ll1.5 - Fax Class 1 Commands 
+FCLASS : Identify Service Class 


This command selects whether the SATURN is 
configured as a data or fax modem. 


+FCLASS=0 SATURN configured as data 
modem. 

+FCLASS=1 SATURN configured as Class 1 
fax modem. 

+FCLASS=2 SATURN configured as Class 2 
fax modem. 
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+FTS : Stop Transmission and Wait 


Transmission is halted followed by a wait for the 
specified time. 


+FTS=<TIME> Wait for the time (in increments of 
10 ms) specified by <TIME> 
(0 - 2.55s). 

+FRS : Receive Silence 


This command completes execution when silence 
is detected from the remote modem for the speci- 
fied amount of time. Processing of the command is 
aborted, without error, if a character is received 
from the DTE while attempting to detect the period 
of silence. 


+FRS=<TIME> Wait for the time (in increments of 
10 ms) specified by <TIME> 
(0 - 2.55s). 

+FTM : Transmit Facsimile Data 


Aphysical connection with the modulation type speci- 
fied by <MOD> is first established. Data received 
from the DTE is then transmitted in facsimile format. 


+FTM=<MOD> Transmit facsimile data using 
modulation <MOD>. 


+FRM : Receive Facsimile Data 


A physical connection with the modulation type 
specified by <MOD> is attempted with the remote 
modem. If this succeeds, data subsequently re- 
ceived from the remote modem is sent to the DTE 
in facsimile format. If the physical connection fails, 
the "+FCERROR" result code is returned. 


+FRM=<MOD> Receive facsimile data using 
modulation <MOD>. 


+FTH : Transmit Facsimile Data HDLC 


A physical connection with the modulation type 
specified by <MOD> is first established. Data re- 
ceived from the DTE is then transmitted in facsimile 
format using HDLC framing. 


+FTH=<MOD> Transmit facsimile data, HDLC 
format, using modulation <MOD>. 


+FRH : Receive Facsimile Data HDLC 


A physical connection with the modulation type 
specified by <MOD> is attempted with the remote 
modem. If this succeeds, data subsequently re- 
ceived from the remote modem, using HDLC fram- 
ing, is sent to the DTE in facsimile format. If the 
physical connection fails, the "+FCERROR" result 
code is returned. 


+FRH=<MOD> Receive facsimile data, HDLC 
format, using modulation <MOD>. 
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111.6 - Class 2 Commands 
+FAA : Data/Fax Auto Answer 
+FAA command configure the modem to automat- 


ically detect whether an incoming call is from a data 
modem or a fax modem. 


+FBOR : Phase C Data Bit Order 
(Short form : +FBO) 


This command controls the bit order for phase C. 


+FBOR=0_ Select direct bit order for phase C. 
+FBOR=1 Select reversed bit order for phase C. 


+FBUG : Debug Mode HDLC Frame 
(Short form : +FBU) 


This command enables the DCE to report the 
content of the HDLC frames to the DTE. 


+FBUG=0 Disables HDLC frame reporting. 
+FBUG=1 Enables HDLC frame reporting. 


+FDCC : Establish DCE Capabilities 
(Short form : +FCC) 


This command allows the DTE to sense and con- 
strain the capabilities of the facsimile DCE, from the 
choices defined in ITU-T T.30 Table 2. When the 
values of +FDCC are modified the DCE will copy 
+FDCC into +FDIS. 


+FCQ : Copy Quality 


This parameter controls copy quality checking by 
the DCE. 


+FCQ=0 The DCE does no copy quality 
checking. 
+FCQ=1 Copy Quality checking enable. 


+FCR : Capability to Receive 
Indicates if the DCE can receive a message. 


+FCR=0 TheDCEcannotreceive amessage. 
This option can be used when the 
DTE has insufficient storage. 


+FCR=1 The DCE can receive a message. 


+FDCS : Current Session Parameters 
(Short form : +FCS) 


The +FDCS is loaded with the negotiated T.30 
parameters for the current session. A DCS is gen- 
erated by the DCE every time that the unit is 
transmitting. This parameter is initialized to 
0,0,0,0,0,0,0,0 at the beginning of a session. 
+FDCS is a read only command. 


Syntax : +FDCS : VR, BR, WD, LN, DF, EC, BF, 
ST 
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+FDR : Receive a Page 


This command initiates transition to phase C data 
reception. 


+FDT : Send a Page 


In phase B, the +FDT command releases the DCE 
to proceed with negotiation, and release the DCS 
message to the remote station. In phase C, the 
+FDT command resume transmission after the end 
of a prior transmit facsimile data. 


+FET : End the Page or Document 


The DCE uses this command in transmission mode 
to tell the DCE if any additional pages are to be 
sent. 


+FET=0 Another page is following, send MPS 
to the remote modem. 
+FET =2 No more pages are expected, send 


EOP to the remote modem. 
+FHPS : Handshake Protocol 


+FHPS =0 Send "OK" to the DTE. 
+FHPS =1 Send "ERROR" to the DTE. 


+FDIS : Current Session Negotiating Position 
(Short form : +FIS) 


The +FDIS parameter allows the DTE to sense and 
constrain the capabilities used for the current ses- 
sion. The DCE uses +FDIS to generate DIS or DTC 
frames, and uses +FDIS and the received DIS 
frame to generate the DCS frame (transmission 
mode). 


+FLID : Local FAX Station ID String 
(Short form : +FLI) 


+FLID contains the local telephone number trans- 
mitted in the CSI frame to the remote modem. 


+FMINSP : Minimum Phase C Speed 
(Short form : +FMS) 


This parameter limits the lowest negotiable speed 
for a session. This parameter is useful for limiting 
the cost of a transmission. If the facsimile cannot 
negotiate to the minimum speed it will disconnect. 


+FPTS : Page Transfer Status 
(Short form : +FPS) 


The +FPTS parameter contains a value repre- 
senting the post page response, including copy 
quality and related end-of-page status. 


+FPTS=1 An MCF frame has been received. 

(page good). 

+FPTS=2 An RIN frame has been received. 
(page bad). 
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lll.7 - Class 2 Responses 

+FCON : Connection Response 

(Short form : +FCO) 

Indicates a connection with a fax machine. +FCON 
message is released when the unit receives the 
beginning of the first HDLC frame. 


' +FTSI: Report the Remote ID 


(Short form : +FTI) 


The message +FTSI reports the received remote 
string sent in the TSI frame. 


Syntax : +FTSI : "<TSI ID string>" 

+FCSI : Report the Remote ID 

(Short form : +FCl) 

The message +FCSI reports the received remote 
string sent in the CSI frame. 

+FDCS : Report the Negotiated Parameters 
(Short form : +FCS) 


This message will be generated during the execu- 
tion of +FDT or +—-DR commands, before the CON- 
NECT result code, if new DCS frames are 
generated or received. The codes are given in the 
table 8.4 of the class 2 EIA standard proposal. 
Syntax: +FDCS: VR, BR, WD, LN, DF, EC, BF, ST 
+FET : Post Message Response 

This message is generated by the facsimile DCE 
after the end of Phase C reception. The +FET is 
generated during the execution of a +FDR com- 
mand. The parameter received tell the DCE which 
post message command the unit had received. 


+FET:0 AMPS frame has been received. 
+FET :2 A EOP frame has been received. 


+FDIS : Report Remote Facsimile Station Capa- 
bilities (Short form : +FIS) 


This message will be generated during the execu- 
tion of +FDT or +FDR commands. This message is 
sent when the unit is receiving a DIS frame, and 
contains the capabilities of the remote station. The 
codes are the same as the +FDCS response. 


Syntax: +FDIS : VR, BR, WD, LN, DF, EC, BF, ST 
+FHT : Report Transmit HDLC Frames 


This message is generated when +FBUG = 1 and 
when a HDLC frame is transmitted. This response 
shows the frame transmitted to the remote station. 


Syntax : +FHT : <Address><control><fis><fif1> 
<fif2>... 

+FHR : Report Received HDLC Frame 

This message is generated when +FBUG = 1 and 
when a HDLC frame has been received. This re- 
sponse shows the frame received by the DCE. 
Syntax : +FHR : <Address><control><fis><fifi> 
<fif2>... 
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+FPTS : Page Transfer Status Response 
(RX and TX) (Short form : +FPS) 


The +FPTS message is generated by the DCE at 
the end of Phase C data reception, during the 
execution of a+FDR command. The first parameter 
<ppr> is generated by the DCE ; it depends on the 
DCE capability at T.4 error checking controlled by 
the +FCQ parameter. The second and the third 
parameters are generated only in the reception 
mode, and represent the total number of lines and 
the bad line count. 


Syntax : +FPTS : <ppr>,<Ic>,<ble> 


+FNSF : Report Received Non Standard Nego- 
tiation Frame (Short form : +FNS) 


This response indicates the reception of a NSF 
frame. The information of the frame is transmitted 
after the +FNSF response. 

Syntax : +FNSF : <1><2><3><4>... 


+FNSC : Report Received Non Standard Nego- 
tiation Frame (Short form : +FNC) 

This response indicates the reception of a NSC 
frame. Same as the +FNSF frame. 


lll.8 - Description of the Autologon Facility 
Autologon : Modem security 


The SATURN has the ability to store Autologon 
sequences in conjunction with the numbers stored 
with the &Z =n command (n=0 to 9). The SATURN 
can be instructed to execute this sequence when 
originating or auto-answering a call. The sequence 
consists of a number of Transmit and Receive 
fields, limited only by the size of the SATURN’s dial 
input buffer (70 characters). 

Inputting an Autologon Sequence 


Storing an Autologon sequence should be done as 
follows : 


Type : AT&ZN = xxx. 
Where n is the Autologon number and xxx is a 


phone number if desired. Enter all desired Trans- 
mit, Receive, or Command fields. 


Transmit fields are prefixed with “Control T". 
Receive fields are prefixed with "Control R". 


Command fields are prefixed with "Control C" (al- 
ways last). 


To complete the storing of the Autologon sequence, 
simply hit the "Enter" key. Investigation of the logon 
sequence stored in location n can be accomplished 
by typing : AT&Zn?<CR> 
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Autologon Operation 


If the first logon field is a transmit field it will be 
transmitted and the SATURN will look for a re- 
sponse corresponding to the first receive field. 
When this is received the next transmit field (if any) 
is transmitted. This procedure can be repeated. 


If the first logon field is a receive field, the SATURN 


waits for the message to be received from the 
remote before transmitting the first transmit field. 


The SATURN starts a thirty second timeout when 
it enters the receive message state; if the expected 
message is not received within this period, the 
SATURN outputs : 

AUTO-LOGON FAILED 

and disconnects the call. 


In originate mode the logon sequence is executed 
using ATDSn or ATDS = n where n is the desired 
stored sequence. When the number has been di- 
alled and the call connected, the SATURN will enter 
the logon sequence. 

To cause the SATURN to use a logon sequence 
when answering a call, register S34 must be set 
the required stored sequence with the command : 
ATS34=n (n=0 to 9) 

Typing ATS34 = 0 will disable the answer Autologon 


(Only 9 Autologon sequences are available in an- 
swer mode). 


In answer mode the stored phone number associ- 
ated with the chosen sequence is ignored. 


Contro! Characters 


A carriage return may be entered into any field by 
typing : 4A (Control A). 


The SATURN’s response is : (Return). 


If the logon fields include control characters, they 
must be entered as Hex values. Any Hex value can 
be entered into a field by typing : 


AXnn (Control X)nn. 


Where nn is a two digit hex code. The SATURN will 
echo : (HEX) nn. 


A pause can be entered, anywhere in the Transmit 
fields, with : “P (Control P). 


The SATURN’s response is : (PAUSE). 


To allow the SATURN to execute an AT command, 
the character : AC (Control C). 


must be entered as the last control character in an 
Autologon sequence. 
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Example of Autologon as Call Back Security 
Set up answer SATURN as follows : 


| Step | Typed by User Echoed to Screen 
1 ATSO=1<CR> ATSO=1<CR><CR><LF> 
ATS34=2<CR> | ATS34=2<CR><CR><LF> 


AT&Z2=AT AT&Z2=<CR><LF> 
(Transmit) 


Password? 4R Password? 
<CR><LF>(Receive) 


MONIQUE’C MONIQUE<CR><LF> 
(Command) 
HDT7470254<CR> | ATHDT7470254<CR> 
<LF>OK 


Step 1. Sets the SATURN to answer after 1 ring. 
Step 2. Instructs the SATURN to use Autologon 
sequence #2 in answer mode. 

Step 3. Entering of Auto logon sequence begins. 

Transmit field is requested. 

Step 4. Desired transmit field is "Password? ". 
This is entered and Receive field is 
requested. 

Step 5. Desired receive field is "MONIQUE". This 
is entered and Command field is 
requested. 

Step 6. Desired command _ field is 


"HDT7470254". This is entered and 
Autologon configuration mode is ended. 


Once one ring is detected and the SATURN has 
passed through the handshaking process and en- 
tered error correction mode if necessary, this Autolo- 
gon sequence will perform the following task : when 
the SATURN is programmed with the above se- 
quence, it will execute Autologon Sequence #2 and 
transmit the string "Password?". It then waits for the 
calling modem to reply with the string "MONIQUE". 
When this string is received the SATURN will per- 
form the AT command requested in the command 
field, (i.e. HDT7470254<CR>). The effect of this 
command is to cause the SATURN to hang up and 
tone dial the line with the specified phone number. 
If any error occurs during the process of the receive 
field the SATURN will hang up and display AUTO- 
LOGON FAILED. 


IV - V.25BIS COMMANDS 


Modem operation may be controlled through the 
use of the V.25 bis command set. This is imple- 
mented by command, response and circuit signal- 
ling providing addressed call and/or answer via 
circuit 108/2 in accordance with V.25 bis. V.25 bis 
is a ITU-T recommendation that defines a method 
of exchanging commands and indications across a 
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DTE interface (RS232/V.24). V25bis defines mo- 
dem behaviour only while the modem is off-hook 
and is attempting to establish a connection. The 
following terms are used in the V.25bis description. 
COMMAND : An instruction issued by the DTE to 
the modem as part of the automatic calling proce- 
dure. 

INDICATION : A response message issued by the 
modem to the DTE as part of the automatic calling 
procedure. 

PARAMETER : A variable which may accompany 
commands or indications. In general, more than 
one parameter may be used in a command or 
indication. 


Formats for Commands and Indications 


The modem will accept commands either in syn- 
chronous mode HDLC (NRZ or NRZI), BSC or in 
asynchronous mode (%Vn command ).The com- 
mand set conforms to the ITU-T recommendation 
with two extension for asynchronous mode. 


Synchronous Signalling 


HDLC Frames, Commands and indications are 
HDLC frames with data fields called messages. 


FLAG HEX "7E" 

ADDRESS HEX "FF" 

CONTROL HEX "13" 

MESSAGE _ Data. Must be an integer number of 8 
bit characters between 3 and 60. 

FCS Sixteen bit cyclic redundancy check 
based on the polynomial : X16 + X12 
+ X5 + X11 


Synchronous Framing Rules 


Framing may be preceded and followed by any 
data including additional flags. 


AFrame with an address, control, or FCS field error 
is invalid. A frame with more than 125 characters in 
the message field is invalid. A frame with 3 or less 
characters in the message field is rejected with the 
INV indication. 


Invalid frame frames are ignored. 


For every valid command frame received, the mo- 
dem responds with exactly one indication. 


When the modem receives a valid command 
frame, it will ignore another command frame until it 
has completed sending its indication back to the 
attached DTE or until the connection is terminated 
whichever occurs last. 


The modem can accept a valid command frame 
that follows an invalid frame if there is a pause of 
at least 2 bits time between the end of the invalid 
frame and the start of the valid frame. 


AYA, BeSotteomones 


Command and indication frames contain inserted 
zero bits as required by HDLC. The receiving entity 
(modem or DTE) must strip out these extra bits. 
BSC Frames 


The format for synchronous character oriented for- 
mat shall be in accordance with ISO 1745. 


SYN HEX "16" 
SYN HEX "16" 
STX HEX "02" 


MESSAGE. Data. Must be an integer number of 8 
bit characters between 3 and 60. 
(ASCII 7 data bits, odd parity). 

ETX HEX "83" 

BSC Framing Rules 


Framing may be preceded and followed by any 
data including additional SYN characters. 


A Frame with a parity error is invalid. A frame with 
more than 123 characters in the message field is 
invalid. A frame with 3 or less characters in the 
message field is rejected with the INV indication. 


Invalid frame frames are ignored. 


For every valid command frame received, the mo- 
dem responds with exactly one indication if the 
connection is not completed and no indication if the 
connection is completed. The modem does not 
recognize or send any of the short "ack" type 
messages used in character oriented protocols. 


When the modem receive a valid command frame, 
it will ignore another command frame until it has 
completed sending its indication back to the at- 
tached DTE or until the connection is terminated 
whichever occurs last. 


The modem can accept a valid command frame 
that follows an invalid frame if there is a pause of 
at least 2 bit times between the end of the invalid 
frame and the start of the valid frame. 


Asynchronous Signalling 


The format for asynchronous character oriented 
format shall be the following : 


MESSAGE <CR><LF> 


The default data rate for commands and parame- 
ters will be the maximum data rate permitted by the 
modem recommendation. 


The message field can contain between 3 and 60, 
8 bit (as per the AT command format) which define 
the parameters. Each frame can contain only one 
command followed by as many parameters that will 
fill the limit. 


Command/indication Exchange Protocol 


The modem will ignore a command issued from the 
DTE before it has completed execution of the pre- 
vious command and given an appropriate re- 
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sponse. The modem will ignore a command from 
the DTE while it is sending an indication to the DTE. 


A command received with a message field of less 
than 3 characters or more than 60 characters is 
regarded as an error in the message and will result 
in the negative acknowledgment of the command 
by the return of the invalid message (INV). 


DTE Adaptation 


In asynchronous mode, the modem uses the speed 
stored in S23. The modem then accepts and sends 
characters according to this selection of speed, 
parity and length. 


The following commands are implemented. Pa- 
rameters applicable to each command are noted 
following the description of the command. 


IV.1 - Standard V.25bis Commands 
CIC : Connect Incoming Call 


The modem will go on line in answer mode, can- 
celing any DIC command previously issued. If no 
incoming call is present the modem will issue the 
INV message. 


CRN : Call Request with Number 


The modem will go on line, dial according to the dial 
string entered and attempt to establish a connec- 
tion. 


0-9 Digit 0 to 9. 

A,B,C,D Digit A, B, C and D: tone dialing only. 

The "star" digit : tone dialing only. 

# the "gate" digit : tone dialing only. 

T Select tone dialing : affects current and 

subsequent dialing. 

P Select pulse dialing : affects current and 
subsequent dialing. 

< Short dial pause : period controlled by S8 : 
the modem will pause before dialing the 
digits following "<". 

= Long dial pause : period twice as long as 
the short dial pause. 
Wait for dial tone : the modem will wait for 
dial tone before dialing the digits 
following ":". 
Flash : causes the modem to go on-hook 
for .5 sec and then off-hook for .5 sec. 

@ Wait for silence : the modem will wait for 
5 sec of line silence before dialing the 
digits following "@". 

CRS : Call Request with Memory Address 

The modem will go on-line, dial according to the 

dial string entered in the dial string memory ad- 

dressed and attempt to establish a connection. 


0-9 Dial string memory address. 
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DIC : Disregard Incoming Call 


The modem, though configured for auto-answer 

will disregard the incoming call. If there is no incom- 

ing call or auto-answer is not enabled the modem 
will issue the invalid message, the command not 
being applicable to the subsequent calls. 

PRN : Program Normal 

The modem will store the dial string specified into 

the dial string memory referenced. 

0-9 Dial string memory address. 

Separator : inserted between dial string 
memory address and dial string. 

X..X Dial string : a string of dial characters : 
0-9AD* # T P< = &@ : characters 
accepted : an empty string clears the 
identification memory referenced. 

RLN: List Request of Stored Numbers 

(Dial Strings) 

The modem will return the dial string or the list of 

dial strings according to the parameter supplied. 


0-9 Dial string memory address : if no 
address is supplied a full list of all stored 
dial string will be returned 


The modem provides the indication/responses 
listed. Parameters applicable to each message are 
noted following the description of the response. 


1V.2 - Standard V.25bis Indications 
CFI : Call Failure Indication 


The modem will send this message when a call fails 
to connect. A parameter is included to give the 
reason for the failure. 


AB No dial tone. 

ET Busy detected. 

NT Aborted; handshaking failure or loss of 
carrier. 

RT Ringback detected. 

NS Number requested not stored. 


CNX : Connect Indication 
This gives an indication of the line speed. 
CNX 300 


CNX 75TX/1200RX 
CNX 1200TX/75RX 


CNX 1200 
CNX 2400 
CNX 4800 
CNX 7200 
CNX 9600 
CNX 12000 
CNX 14400 
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INC : Incoming Call 


The modem will send this message when incoming 
ringing is detected on the line. 
INV : Invalid 


The modem will send this message if the command 
line contain a syntax error or it is unable to execute 
the command. 


LSN : List of Stored Numbers (Dial Strings) 


The modem will use this message in response to 
the RLN command. 


LSN 4; 19:1=7470336 response to RLN4 
LSN 0; 
LSN 1; 
LSN 2; 
LSN 3; 
LSN 4; 
LSN 5; 
LSN 6; 
LSN 7; 
LSN 8; 
LSN 9; 


VAL : Valid 


The modem will send this message when it suc- 
cessfully executes the command issued and there 
is no other applicable response. 


response to RLN 


19: 1 =7470336 


IV.3 - Extended V.25bis Command Set 


There is one extension to the V.25bis command 
set. 


CNL : Local Configuration 


Any AT command string may be entered as a 
parameter of this command (e.g. CNLSO = 2). 


IV.4 - V.25bis Escape Sequence 


An escape sequence function for V.25bis asyn- 
chronous operation is provided which operates 
exactly as the AT escape sequence. 


V - S-REGISTERS 


S-registers are byte-wide locations in SATURN 
memory that contain information about the configu- 
ration and operational status of the SATURN. 


Many of the SATURN’s options can be directly set 
via the S-registers and some extended features are 
only available through setting of these registers. 
Examples of this are S35 which is used to select 
the transmit level and S41 which selects the num- 
ber of re-dial attempts. 
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Some S-registers are bit-mapped, that is, the indi- 
vidual bits (or, sometimes, groups of bits) contain 
significant information as opposed to the contents 
of the register as a whole. When references to 
bit-mapped registers are made, the least significant 
bit is bit 0 while the most significant bit is bit 7. 


V.1 - Reading an S-register 


To display the value of an S-register in decimal 
format the command Sn? is used where "n" refer- 
ences the desired register. To display an S-regis- 
ter’s value in hexadecimal format, use the Sn! 
command. 


V.2 - Writing an S-register 

An S-register’s value may be altered by the Sn = X 
command where "n" is the register to be changed 
and "X" is the new decimal value to be assigned to 
it. 


V.3 - Defaults 


Entering AT! or AT? will display the content on the 
last register accessed while AT =n will alter the last 
accessed S register with the decimal value "n". 


If the Sn = X command is used and the value "X" 
is not given, zero will be written to the appropriate 
S-register. 


Any value of "n" or "X" is evaluated modulo 256 
before any command processing takes place (i.e. 
the remainder of the expression [n or X] / 256 is the 
actual value of "n" or "X" used by the SATURN. 


Unless otherwise specified, any value between 0 
and 255 (decimal) may be written to an S-register. 
Out of range values are rejected and cause a 
command processing error. 


Writing a value to an S-register designated as 
"reserved" (see below) will place that value in the 
register but has no effect on the SATURN’s opera- 
tion. 


Reading an S-register "n" where "n" is 50 or greater 
will always return zero. Attempting to write such a 
register causes a command processing error. 


V.4 - S-Register Descriptions 


The complete set of S-registers is listed below with 
the corresponding bit maps where applicable. 


All values are in decimal format. Default values 
indicated in bold type are those written after exe- 
cution of the &FO command. If the register TYPE is 
non-storable then this default value will also be 
written whenever the SATURN is reset. For stor- 
able register, however, the value after reset will be 
set to that stored in the appropriate stored profile. 
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Any register not specifically mentioned below is 
reserved. 


SO: Ring To Answer On 

0 = No auto answer 

Any other = SATURN answers after this number of 
rings 

Default = 0 

TYPE : Storable 

S1: Ring Count 


This register is reset to 0 if 8 seconds elapse since 
receipt of the previous ring 


Default = 0 
TYPE : Non-Storable 
S2 : Escape Sequence Character 


If the value is greater than 127, escape sequence 
is disabled. 


Default = 43 (+) 

TYPE : Non-Storable 

S3 : Carriage Return Character 

Value : 0 - 127 

Default = 13 (ASCII CR) 

TYPE : Non-Storable 

S4 : Line Feed Character 

Value : 0 - 127 

Default = 10 (ASCII LF) 

TYPE : Non-Storable 

S5 : Backspace Character 

Value : 0 - 255 

Default = 8 (ASCII BS) 

TYPE : Non-Storable 

S6 : Wait Time Before Dialing 

Value: 2-255s 

Default = 2 

TYPE : Storable 

S7 : Wait Time For Carrier / Dial Tone 
Value:1-255s 

Default = 30 

TYPE : Storable 

S8 : Duration for Pause (,) Dial Modifier 
Value :0-255s 

Default = 2 

TYPE : Storable 

S9 : Carrier Detect Response Time 
Value : 1 - 255 in .1 s increments (.1 - 25.5 s) 
Default = 1 

TYPE : Storable 
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S10 : Delay Between Lost Carrier And Hang Up 
Value : 1 - 255 in .1 s increments (.1 - 25.5 s) 
Default = 14 

Note : S10 = 255 implies infinite delay 

TYPE : Storable 


S11: DTMF Tone Duration and Silence Time 
Between Tones 


Value : 50 - 255 in 1 ms increments (55 - 255 ms) 
Default = 95 

TYPE : Storable 

S12 : Escape Sequence Prompt Time 

Value : 0 - 255 in 20 ms increments (0 - 5.1 s) 

0 = Do not check guard time 

Default = 50 

TYPE : Storable 

S14 : Bit-mapped 


BitO Reserved 
Bit1 | Echo command characters (E CMD) 
0 = No echo 
1 = Echo 
Bit 4,2 Generate result codes (Q CMD) 
O = Enable result codes 
1 = No result codes 
2 = Result codes enabled only when 
originate mode in effect 
Bit3 Verbose / numeric result codes (V CMD) 
O = Numeric result codes 
1 = Verbose result codes 
Bit5 Tone/ Dial (P and T CMD) 
O = Tone dialing (T CMD) 
1 = Pulse dialing (P CMD) 
Bit6 Reserved 
Bit7 Answer / Originate 
O = Answer mode 
1 = Originate mode 
TYPE : Storable 


S16 : Test Status (Bit-mapped) 


ALB = Analog loopback, DLB = Local digital loop- 
back, RDLB = Remote digital loopback. 


BitO ALB (&T1 CMD) 


Bit2 Digital loopback (&T3 CMD) 
0 = No DLB 
1 = DLB active 
Bit3 Status of DLB initiated by remote mode 
0 = No DLB 
1 = DLB initiated by remote modem active 
Bit4 Remote digital loopback (&T6 CMD) 
O = No RDLB active 
1 = RDLB initiated and granted by remote 
BitS5 RDLB with self test (@T7 CMD) 
0 = No RDLB active 
1 = RDLB with self test initiated and 
granted by remote 
Bit6 ALB with self test (&T8 cmd) 
0 =No ALB 
1 = ALB with self test active 
Bit7 Reserved 
TYPE : Non-Storable 
S18 : Test Timer 
Value :0-255s 
O = Infinite test time 


Any other = Test is terminated after specified time 
elapses 

Default = 0 

TYPE : Storable 

S21 : Bit-mapped 


Bit O Reserved 
Bit 1 Reserved 
Bit 2 CTS control (&R CMD) 
0=CTS follows RTS 
1 = CTS always on 
DTR contro! (&D CMD) 
O = Ignore 
1 = Command state 
2 = Hang up 
3 = Reset 
Bit 5 DCD control (&C CMD) 
0 = DCD always on 
1 = DCD controlled by SATURN 
Bit 6 DSR control (&S CMD) 
0 = DSR always on 
1 = DSR controlled by SATURN 
Bit 7 Long space disconnect (&Y CMD) 


Bit 4,3 


0 =No ALB O = Disabled 
1 = ALB active 1 = Enabled 
Bit 1 Reserved TYPE: Storable 
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S22 : Bit-mapped 


Bit 1,0 


Bit 3,2 


Speaker volume control (L CMD) 
0 = Low 

1 = Low 

2 = Medium 

3 = High 

Speaker control (M CMD) 

0 = Always off 

1 = On until carrier detected 

2 = Always on when off hook 

3 = Off during dialing and after carrier 
detected 


Bit 6,5,4 Extended response codes (X CMD) 


Bit 7 


TYPE: 


0 = Ignore GSTN status and do not report 
connection speed - (X0) 

1 = Detect busy and ringing tones and 
report connection speed - (X5) 

2 = As for X5 and also detect dial tone and 
perform adaptive dialing - (X6) 

3 = As for X6 - (X7) 

4 = As for XO and also report connection 
speed - (X1) 

5 = Detect dial tone and report connection 
speed - (X2) 

6 = Detect busy tone and report 
connection speed - (X3) 

7 = Detect dial and busy tones and report 
connection speed - (X4) 

Make / break ratio when pulse dialing (&P 
CMD) 

0=U.S. (89%/61%) 

1 = U.K. (83%/67%) 

Storable 


S23 : Bit-mapped 


Bit 0 


Detect RDLB (&T4 and &T5 CMD) 
0 = Deny RDLB (&T5 CMD) 
1 = Accept RDLB (&T4 CMD) 


Bit 3,2,1 DTE port communications speed (bps) 


0 = 300 


7 = 38400 


Note : bits 3,2 and 1 of S23 are only valid if bit 3 of S39 = 0. 


Bit 5,4 


Parity 

0 = Even 

1 = Space / none 
2 = Odd 

3 = Mark 
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Guard Tone 
0 = None 

1 = 550Hz 

2 = 1800Hz 
3 = Not used 
Storable 


S24 : Bit-mapped 


Bit 0 


Bit 1 


Bit 2 


Bit 3 
Bit 4 


Bit 6,5 


Bit 7 


oi de ie 


Error control fallback character (&N, \C 
CMD) 

0 = No fallback character 

1 = Enable fallback character in S46 
Error control buffer control (&O, \C CMD) 
O = Don't buffer incoming data during 
negotiation 

1 = Buffer data 

Data compression control (&U, %C CMD) 
0 = Disable 

1 = Enable 

Not used 

DCE speed to be negotiated during 
handshake (N CMD) 

0 = $37 speed 

1 = Optimum speed if S37 ! = 255 
Optimum speed up to DTE if S37 = 255 
Extended connection result code (W, \V 
CMD) 

O = No extended result code 

1 = Hayes extended result code 

2 = Microcom extended result code 

3 = Not used 

DTE speed after handshake completed 
(&B, \J CMD) 

0 = DTE set to DCE speed 

1 = DTE speed not changed by DCE 
Storable 


S25 : DTR Detection 


Value : 0 - 255 in .01 sorin 1s increments (0 - 2.55 
s or 0 - 255 s) see &D command description 


Default =5 


TYPE : Storable 


S26 : RTS To CTS Delay 


Value : 0 - 255 in .01 s increments (0 - 2.55 s) 


Default = 1 


TYPE : Storable 
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S27 : Bit-mapped 


Bit 3,1,0 Communication mode (&Q, N CMD) 
0 = Normal asynchronous 
1 = Sync mode 1 
2 = Sync mode 2 
3 = Sync mode 3 
4 = Direct 
5 = MNP 
6 = MNP/V.42 
7 = V.42 
Bit 2 Leased line (&L CMD) 
0 =GSTN 
1 = Lease line 
Synchronous transmit clock source (&X 
CMD) 
O = Internal 
1 = External 
2 = Derive from receiver (slave) 
Bit 6 Bell / ITU-T (B CMD) 
0 = ITU-T 
1 = Bell 
Bit 7 Reserved 
TYPE: Storable 


S28 : Bit-mapped 


Bit 1,0 Error Correction Maximum Block Size (\A 
CMD) 
0 = 64 bytes 
1 = 128 bytes 
2 = 192 bytes 
3 = 256 bytes 

Bit 6 to 2V.42 detection period (T400) in 50 
milliseconds increments 
0 = Infinite 
1 to 155 = (1 to 255) times .05 second 
Default = 16 for .8 seconds 

Bit 7 ODP/ADP (&A CMD) 
0 = Do not use ODP/ADP when initiating 
a reliable V.42 handshake 
1 = Use ODP/ADP when initiating a 
reliable V.42 handshake 

TYPE: Storable 


S29 : Bit-mapped 


Bits5to0V.42 acknowledgment _ timer 
(T401)(%W CMD) These six bits are 
interpreted as an integer that specifies 
the number of 100 millisecond 
increments which are added to the base 
value of four seconds in order to arrive 
at the T401 value. Because of he way it 
is specified here, the minimum value of 
T401 is 4 seconds and the maximum 
value of T401 is 10.8 seconds. The 
default value is zero which corresponds 
to a T4071 value of 4 seconds. 

Default = 0 for 4 seconds 


Bit 5,4 
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Bit 6 V.42 frame check sequence (%R CMD) 
0 = Always use CRC-16 
1 = Attempt use if CRC-32 
Bit 7 V.42 selective reject (%S CMD) 
0 = Disabled 
1 = Enabled 


TYPE: Stored 


S30 : Bit-Mapped 


Bits 4 to O V.42 windows size (k)(%K CMD) These 
5 bits are interpreted as an integer that 
specifies the maximum number of 
unacknowledged packets that V.42 and 
MNP will allow at anytime. Although the 
bits may be set to any value between 0 
and 31 asetting of zero is undefined and 
should not be used. The default value is 
01111 (binary) = 15 (decimal). 

Default = 15 packets 

Bit 5 Negative ADP (%V CMD) 
0 = Disabled 
1 = Enabled 

Bit 6 Force asynchronous MNP (Class 2)(%Y 
CMD) 

0 = Do not force asynchronous MNP 
1 = Force asynchronous MNP 

Bit 7 V.42 remote loopback test: (%T CMD) 
O = Ignore loopback frame received 
from remote 
1 = Process loopback frame received 
from remote 


TYPE: Storable 


S31 : Bit-mapped 


V.25bis selection (%V CMD) 

0 = Asynchronous V.25 (%V1) 

1 = Bisync V.25bis NRZ(%V2) 

2 = HDLC V.25bis NRZ (%V3) 

3 = HDLC V.25bis NRZI (%V4) 

Bit 2 Synchronous mode V.13 operation (&C 
CMD) 
0 = Disable 
1 = Enable 

Bit 3 Ignore keyboard abort on answer (%Q 
CMD) 
0 = Disable 
1 = Enable 

Bits 6 to 4 Reserved 


Bit 7 V.25bis mode (%V CMD) 
0 = Disabled (AT commands %VO) 
1 = V.25bis enabled as per bits 1,0 (for 
other than %VO) 


Storable 


Bits 1,0 


TYPE: 
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S32 : Bit-mapped 

Bits 1,0 Encryption mode select (#S CMD) 

00 = No encryption (#S0) 

01 = Force V.42bis encryption(#S1) 
10 = Reserved for later use 

11 = Reserved for later use 

MNP Extended Services (-K CMD) 
00 = Disabled (-KO) 

01 = Enabled (-K1) 

10 = Enabled without MNP indication 
during the answer detect phase. (-K2) 
Bit 4 Power level adjustment setting (M CMD) 
0 = Disable (MO) 

1 = Enabled (M1) 

Force an initial connection speed (*H 
CMD) 

00 = Highest supported (*HO) 

01 = 1200 bps (*H1) 

10 = 4800 bps (*H2) 

Bit 7 Not used 

TYPE:  Storable 

S33 : Cellular Transmit Level 

Value : 0 - 20 

Default = 9 

TYPE : Storable 

S34 : Answer Logon Sequence 

Value : 0 - 9 (If 0 then no logon in answer) 
Default = O 

TYPE : Storable 

S35 : Transmit Level (dBm) 

Value : 0 - 20 

Default = 9 

TYPE : Storable 


S36 : Error Correction Negotiation Failure 
Treatment 


0 = Disconnect 

1 = Normal asynchronous (no error control) 
TYPE : Storable 

S37 : Desired DCE Speed 


e for NO command: 

0 = Last AT command speed 
1 = 300 (Bell 103) 

2 = 300 (Bell 103) 

3 = 300 (Bell 103) 

4 = Reserved 

5 = 1200 

6 = 2400 


Bits 3,2 


Bits 6-5 


hr SSC 
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7 = V.32 4800 

8 = Reserved 

9 = V.32 9600 with Trellis Coded Modulation (TCM) 
10 = V.32 9600 without TCM 

11 = 300 (V.21) 

12 = 1200 (V.23) 

13 = reserved 

14 = reserved 

15 = V.32bis 4800 

16 = V.32bis 7200 

17 = V.32bis 9600 

18 = V.32bis 12000 

19 = V.32bis 14400 

20 to 254 = Reserved 

255 = Last AT command speed 


e for N1 command: 


0 to 19 = Connect at the highest possible speed 
regardless of the DTE speed. 


255 = Connect at the highest possible speed up to 
the last AT command speed. 


TYPE : Storable 


S38 : Reliable Link Delay Before Forced 
Hang Up 
Value :0- 254s 
Default = 20 
TYPE : Storable 
S39 : Bit-mapped 
Bit O Not used 
Bit 1 Auto disconnect (&E CMD, meanfull 
when direct or normal modes only.) 
0 = Enable 
1 = Disable 
Bit 2 Reserved 
Bit 3 DTE rate at 115200 bps 
0 =DTE rate is according to bits 1,2 and 
3 of S23 or bit 2 of S39 
1 = DTE rate is at 115200 bps 
Break handling (&l, K CMD) 
O = Non-destructive / non-expedited 
1 = Non-destructive / expedited 
2 = Destructive / expedited 
Bit 6 EIA loopback test control (&T9 , &T10 
CMD) 
O = Ignore EIA loopback test (&T10) 
1 = Process EIA loopback test (&T9) 
Bit 7 Auto retrain (&E CMD) 
0 = Disable 
1 = Enable 
Storable 


Bit 5,4 


TYPE : 
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S40 : Inactivity Timer S47 : XON Character 
Value : 0 - 255 minutes (0 = Inactivity timer dis- | Value: 0-127 

abled) Default = 17 

Default = 0 TYPE : Storable 

TYPE : Storable S48 : XOFF Character 
S41 : Dial Retry Value : 0 - 127 

Value: 0-10 Default = 19 


TYPE : Storable 
S49 : Bit-mapped 
Bit 4 to O Flow Control (&K CMD) 


0 = No flow control 
3 = Hardware flow control 


Default = O (No retry) 
TYPE : Non-Storable 


S44 : Error Correction in Use 


O = No error correction 
2=MNP class 2 


3 = MNP class 3 4 eee to DTE, bi-directional flow 
= contro 
= ore ane : 8 = SATURN to DTE, unidirectional flow 
6 =V.42 control 
7 = V.42bis 12 = SATURN to DITE, bi-directional, 
TYPE : Non-storable transparent flow control 
S45 : Reason for Disconnection 16 = SATURN to remote modem, bi- 
, directional flow control 
0 = Lost carrier : 20 = DTE to SATURN to remote modem 
| = User interrupt bi-directional flow control 
2 = Training failure 
3 = Retrain failure Bit 5 Compromise equalizer 
4 = Inactivity time out (meanfull if bit7=0) — 
5 = Long space disconnect 0 = Compromize equalizer 1 (3dB) 
6 = Negotiation failure 1 = Compromize equalizer 2 (6dB) 
TYPE : Non-storable Bit 6 Dumb mode 
S46 : Fallback Character For Error Correction 0 = Smart mode 
Negotiation 1 = Dumb mode 
Value «0 - 127 Bit 7 Compromise equalizer 
0 = Compromise equalizer enabled 
Default = 13 (ASCII CR) 1 = Compromise equalizer disabled 
TYPE : Storable TYPE: Storable 
28/37 
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V.5 - S-Registers Factory defaults 


[Register| FO | Fi | F2 | yo | vi | v2 | Y3_ |[ Range | Status | 
| 000 


| soe | 002 | 002 | 002 | oa |__| Soe? || oe_—sf oa S| 
| so7_ | 030 | 030 | 030 | 030 | 030 | 030 | 030 | 001 255| 
| sos | 002 | =e =| oe | Soe |S oe_S |S oa_—|| os oo | 

soo | 006 | 006 | 006 | 006 | 006 | 006 | O06 | cO1255| | 
| sio | 014 | 014 | 014 | 014 | 014 | 014 | 014 | oot 255 | 
| sit | 095 | 095 | 095 | 095 | 95 || 95} S| OS 255 | 
| Si2_ | 050 | 050 | 050 | 050 | 050 | 050 | 050 | ooo 255{| | 

si3__| 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 255| NS 
| si4 | 198 | 138 | 88 | 138 | 138 | 138 | 138 | 000 255 | 
| Sis | 000 | 000 | 000 | oO | ooo | ooo | COO | COO 255| NS | 
| sie | 000 | 000 | 000 | 000 | 000 | oO | 000 | c00255| NS | 
| Si7_ | 000 | 000 | 000 | oo | 000 | ooo | 000 | o00255| NS | 
| S18 | 000 | 000 | 0069 | oO | 000 | oO | 00 | ooo2s| | 
| sig | 000 | 000 | 006 | oO | ooo | ooo | coo | 0c00255| NS | 
| s20_ | 000 | 000 | 000 | 000 | ooo | 00 | 000 | 000 255| NS | 
| s2i_| 000 | 000 | 000 | coo | ooo | ooo | coo | ooo2ss| | 
| $22 | 118 | 18 | 18 | 18 | 8 | 8118 ooo 5 | 
| $23 | 023 | 02s | 023 | oas | 023 | 23 | 023 | ooo 255 | 
| S24 | 016 | 190 | 191 | O16 | o16 | 016 | 016 | ooo 255| | 
| $25 | 005 | 005 | 005 | 005 |S | 0S | 005 | COD 25S || 
| s2e_ | oof | oof | oof | oor | oor | oof | 001 | ooo 255] | 
064 000 255 | 
| S28 | 000 | 000 | ooo | coo | ooo | ooo | 000 | oO 255] NS | 
| s29 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000255] NS | 
| s30_ | 000 | ooo | 000 | coo | 000 | coo | 000 | co0255| NS | 
| §31_ | 000 | = 000 =| 000'—=s#|_—sH0'—s«|_—100':—*«<J¥_—o00':—«sé=WE_—000':—«sf cc S| NSS 
| s32_ | 000 | 000 | 000 | ooo | 000 | 000 | 000 | 000255] NS | 
| $33 | 000 | 000 | = 000s s|_—000-—=s«¥_—000:—s«(W|_C00:—sLE_—s00:—=d«é«00 25S |= 
| $34 | 000 =| 000 |= 000:—s«|-_—100':—*«|_—o.00:—~s|__c00':—*«|J|_—10__—*J|CKHL_603' |_| 
| s35_ | 009 | 009 | 009 | coo | oop | oo9 | 009 | ooD0I5| | 


| 900 | 000 | ~—000-—s*|_— 000 _—s 
| 020 | 020 | ~020 | 020 |= 020 |= 020 | Co 2S | 
| sso | 128 | 28 | 28 | 128 | 128 | 28 | 128 | 000 255 | 

| 000 | ooo | 000 | ooo | ooo | 000 | 000 | o00255| 
| 000 | 00 | 000 || 00'—«|_—_100':—«X|_—s100':—«[_—000:—*s«¥r CGD. |_— NS 
| 000 | 000 =| 000 —s|_—00'—*«SX¥_—sa00:—=s¢B_—00'—S#«(*_—CO0:—S(@QHL ES | =NS 
| s43_ | 000 | 000 | 000 | ooo | ooo | ooo | 000 | 000255| NS | 
| s44 | 000 | 000 || 000 |_—00'—s«|_—s100:—«|_—000:—«|_—s000:—=s(@ OHH |_ NS 
| s45_ {000 | 000 | 000 | 000':—=*#X¥_—o00'—=s|__c00':—«|t_—S00:—=Ss« OH 25S | NS 


Note : The STATUS column only applies to the Yn configurations. Those S-registers defined as Non Storable (NS) will be taken from the FO configuration 
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VI - APPENDIX A: SATURN BLOCK DIAGRAM AND POSSIBLE EVOLUTIONS 
Figure 1 : Block Diagram 


SAT-01 EPS 


Stand Alone : Power supply = from PC with low power 5V linear 
DTE interface = RS 232. regulator for analog. 


Power suply = 7.5V rectified & filtered AC adapter §pcCMCIA board: 
and TDA8137 double 5V linear regulator. DTE interface = ST7548. 


Power supply = from PCMCIA bus. 
PC board : 


DTE interface = 16C550 or ST7548. SATURN possible evolutions 


Vil - APPENDIX B : SATURN STAND ALONE BOARD LAYOUT SCHEMATICS 
Figure 2 
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Figure 4 
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Sve 
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Figure 7 : RS282 Interface and Power Supply 
TP3 TP1 TP2 
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IX - APPENDIX D : SATURN STAND ALONE BOARD PART LIST 


| Item | Quantity | Reference | Part 
1 


35 C1,C2,C3,C4,05,C6,C7,C8,011,012,C13,C14,C25,C26, | 100nF CERAMIC 
C27,C28,C29,C30,C31,C32,033,034,035,C36,C37,C38, 
C39,C40,C41,C42,C59,C68,C69,C70,C72 


C2L,C23,C24 22pF CERAMIC 
14 C9,C10,C17,C47,C55,C56,C60,C61,C62,C63,C64,C65, | 1:F 16V TANTALUM 


v 


C15,C16 2.2nF CERAMIC 
C18,C19,C20 47F 16V TANTALUM 


6 | ot fee tn CERAMIC 

7 10pF CERAMIC 
| 8 | 2 | C43,C45 100pF CERAMIC 
Po | oa fea 88 CERAMIC 
C46,C54 22nF CERAMIC 
C51,C52,C73,C74 100nF 16V CHEMICAL 
4.74F 16V TANTALUM 
390pF CERAMIC 
ipF 16V TANTALUM 
DL1,DL2,D2,D3,D9,D10,D11 1N4148 
TPAZ7OATS 
BZX55C 5.6V 
D5,D6 BZX55C 15V 
BZX55C 4.7V 
D12,D13 LED GREEN 
D14,D15,D16,D17,D18,D19,D20 LED RED 
TR250-120U POLYSWITCH 
FS-40S 8Q 

26 


(OPTIONAL) 


R1,R2,R4,R10,R11,R12,R13,R14,R15,R16,R17,R18,R19,| 10kQ 1/4W 5% 


R20,R21,R22,R23,R24,R35,R37,R55,R56,R57,R58,R63 


R3,R61,R62 100k2 1/4W 5% 


ie) 


J1,J2 RJ11 MOLEX 95001-2661 LOW 
PROFILE 


2 
1 
2 
1 
1 


w 
4 


Rigsltsla lola eater ere G NM; }M 
GOIN]; O;/O!;dO;N{/O/ or; Ri] a Nh (oe) O}CO|N 


PROF BOK AWE 
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R32 


36/37 
- AYY, Biome 


SATURN User’s Manual 


Quantity 
1 
0 


Reference ee. eee 
R33 
R34,R66,R67,R68,R69,R70,R71,R72,R73,R74 
R36 
R38,R39 
R40,R41,R42,R43 
R44,R45 
R46,R49 
R47, R48 
R50,R52 
R51 
R53,R54 
R59 
R64, R65 
R100 
R10 
TP1,TP2,TP3,TP4 
TRI 
T100 


74HC125 
74HC08 


M27C1001 120 NS - PLCC PACKAGE 
(FOOTPRINT FOR 2 MBITS) 


SRAM 128K X 8 100 NS - SO PACKAGE 
(FOOTPRINT FOR 128K X 8) 


U10 
Ui1 
U12 
U13 
U14 
U15 
Ui6 
U17 
U18 
U19 
U20,U21 
Ui01 
Ui11 
W1,W2,W3,W4,W5,W6,W7,W8 


36.8640MHz THIRD OVERTONE 
CRYSTAL 50 PPM LOW PROFILE (ATS 49) 


16.5888MHz CRYSTAL LOW PROFILE 
(ATS 49) 
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9175C502 - DEFAULT TONE DETECTORS 


1 - INTRODUCTION 

The purpose of this application note is to describe the default setup for the tone detection, and the way 
they are managed during the Automode Handshake. 

Refer to ST75C502 for explanation of the Tone detectors. 


The 16 cells of the tone detectors are used, by the ST75C502, for various functions. The internal variable 
_NTDCELL define the number of tone detectors currently executed by the DSP. 


This number is set to 16 after a RESET, and will be set to 0 as soon as the Autobaud phase is completed. 
The Autobaud Handshake is complete when we perfectly know the transmission standard. 


While configuring for DTMF Detection, the upper 12 cells are overwritten to detect the 8 DTMF tones, plus 
4 cells to split the band for differentiate Low group and High group of tones. 


Refer to the Appendix for the default wiring of the tone detector. 


2 - CELL DESCRIPTION 


The First cell (#0) is programmed as a 440Hz tone detector (Call Waiting Detection) and is never changed 
whatever the DSP is doing. After a RESET (or init command) or any conf command, its parameters are 
set to detect the 440Hz single tone. 


The template of this Tschebyscheff filter is : 


| Name | Cell Number Pass Band (Hz) | Stop Band (Hz) | Ripple (dB) | Reject (dB) 
CALLWAMT| 0 | BandPass | 00,20 | ovo, | or | 25 


The second and third cell (#1 and #2) are used for Call progress detection. It is a Low pass filter with a 
cutoff frequency of 650 Hz. this filter like the previous one is never changed. 


The template of this Tschebyscheff filter is : 


| Name | Cell Number Pass Band (Hz) | Stop Band (Hz) | Ripple (dB) | Reject (dB) 
CPLOW 0,650 1000 


Due to the DAA implementation and to the ST7544 analog front end receive filter, the frequencies below 
300Hz are attenuated. Refer to Measurement Report for the detection area. 


The cell mumber 3 and 4 are used for Call progress tone detection. It is a High pass filter with a cutoff 
frequency of 600Hz. 


The template of this Tschebyscheff filter is : 


| Name | Cell Number Pass Band (Hz) | Stop Band (Hz) | Ripple (dB) | Reject (dB) 
CPHIGH High Pass | 600,9600 | 400 | oz | 48 


Frequencies above 3200Hz are attenuated due to the DAA and the ST7544 Receive filter. 


While using the DTMF Mode (with a confcommana) the cell 4 to 15 are overwritted with the DTMF detector 
parameters. 
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ST75C502 - DEFAULT TONE DETECTORS 


Starting from cell 5 the following 11 Cells are used for Autobaud Handshake. The default autobaud mode 
corresponds to the V.32bis Originate mode. While selecting the Answer mode (with a confcommand) some 
cells are overwritten. 


Cell number 5 and 6 are used to remove from the received signal what we are transmitting. This give a 
better immunity to noise than regular comparators. The corresponding filters are notch filters to remove 
the 2100Hz Answer tone in answer mode and the 1800Hz AA V.32bis tone in the originate mode. 


The templates of these Butterworth filters are : 


Cell Number Pass Band (Hz) | Stop Band (Hz) | Ripple (dB) | Reject (dB) 
Azisoo | —5,6__—|— Notch | 1650, 1950 | 1780,1820 | 3 | 30 
022100 1950, 2250 | 2080,2120 | 3 | 30 


Cell number 7 and 8 are used to detect the V.32bis AC tone. This signal is composed of a 600Hz and 
3000Hz tones. Due to the possible amplitude distortion introduced by the telephone line only the 600Hz is 
used for AC detector. In Answer mode these cells are not used. 


The template of this Tchebyscheff filter is : 


Cell Number Pass Band (Hz) | Stop Band (Hz) | Ripple (dB) | Reject (dB) 
AN600 580, 620 500, 700 


Cell number 9 is used to detect the V.23 1300Hz Mark tone in Originate mode and the V.23 390HZz in Answer 
Mode. 


The template of these Eliptic filters are : 


| Mode | Name | CellNumber | Type | Pass Band (Hz) | Stop Band (Hz) | Ripple (dB) | Reject (dB) 
ANi300 | 9 | BandPass | 12751325 | 100,160 | 0.5 | 45 
oness0| 9 | BandPass | 360,420 | 200,650 


Cell number 10 and 11 are used to detect the V.21 1650Hz Mark tone in originate Mode and V.21 980Hz 
Mark tone in Answer Mode. 


The template of these Tchebyscheff filters are : 


| Mode | Name | Cell Number Pass Band (Hz) | Stop Band (Hz) | Ripple (dB) | Reject (dB) 
AN1650 | 10,14 
ORGs60 | 10,11 968, 992 900, 1060 


Cell number 12 and 13 are used to detect CCITT 2100Hz Answer tone while in Originate mode and the 
V.32bis AA signal (1800HZ) while in Answer mode. 


The template of these Tchebyscheff filters are : 


| Mode | Name | Cell Number Pass Band (Hz) | Stop Band (Hz) | Ripple (dB) | Reject (dB) 
Orig _[ANS2T00| 12,13 2080,2120 | 2080, 2170 


In Originate Mode the Cells number 14 and 15 are used to detect the Bell 212 and Bell 103 Answer 2225Hz 
Answer tone. This filter covers also the V.22 unscrambled "1" at the beginning of the answer mode 
handshake. 


In Answer Mode these cells are used to detect the Bell 103 1270Hz. 
The template of these Tchebyscheff filters are : 


| Name | Cell Number Pass Band (Hz) | Stop Band (Hz) | Ripple (dB) | Reject (dB) 
ANS2225| 14,15 2205, 2270 21402300 | 05 | 45 | 
[Anew [ORG1270| 14.1 1250, 1200 | 1180, 1900 
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ST75C502 - DEFAULT TONE DETECTORS 


3 - BIT DESCRIPTION 


Refer to the Appendix for the default wiring of the cells 
The 16 bits output of the tone detectors have the following meaning. 


at. ee 
| of 0 ag0Hzhigherthan-36dBm 
| 0 | 1 | Wide bandsignalhigherthan-27dBm 
/ 0 | 2 | Low Pass signal (650Hz) higher than -36dBm 

| 0 | 3 __| High Pass signal (600Hz) higher than-36dBm_ 
| 0 | 4 | LowPasssignalhigherthanHighPasssignal 
ee ee 
| 0 | 5 _| signal without 1800Hz higher than-45dBm__| signal without 2100Hz higher than -45dBm_| 
eT 


(ee AC signal higher than wide signal without not used 
1800Hz 


| = 1 | 0 | V.23 1300Hz Mark signal higher than -45dBm | V.23 390Hz Mark signal higher than -41dBm 


1 1 V.23 1300HZz signal higher than wide signal V.23 390Hz signal ae than wide signal 
without 1800Hz without 2100Hz + 4d 


pif 2 V.21 1650Hz Mark signal higher than -45dBm | V.21 980Hz Mark signal higher than -45dBm 

V.21 1650Hz signal higher than wide signal V.21 980Hz signal higher than wide signal 

without 1800Hz without 2100Hz 

CCITT 2100Hz Answer tone higher V.32bis AA signal (1800Hz) higher 

than -45dBm than -45dBm 

pat ao higher than wide signal without | V.32bis AA signal higher than wide signal 
without 2100Hz2 

ai 2225 or Unscrambled Mark higher Bell 103 1270Hz Mark signal higher 

than -45dBm than -45dBm 

1 7 Bell signal higher than wide signal without Bell 103 1270Hz signal higher than wide 
1800Hz signal without 2100Hz 
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4 - APPENDIX 
Figure 1 
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91750502 - BULK DELAY MANAGEMENT 


1 - INTRODUCTION 


The purpose of this application note is to describe the way the user must handle the interrupt reserved for 
Bulk delay managment. 


A V.32bis modem use echo canceller technology, it substract from its received signal an estimation of its 
own signal echoed by the PSTN. As the transmition can have a very long delay, especialy while using 
satellite (up to 1.4 Second), its is mandatory to memorise all the signal that have been send during the last 
1.4 second. To reduce the size of the memory needed, instead of storing the signal, we just store the 
symbols that were transmitted. However one can see that, if we want to handle two satellites hops, it is 
necessary to have a 1.4 second * 2400 symbols by second = 3360 symbols. Each symbol can be packed 
using a single byte, so the size of this BULK memory is 3360 bytes. 


In the ST75C502, instead of adding a 4K byte inside the DSP, just to be used like a FIFO, to store and 


recall one symbol (Byte) each baud (0.4ms), the Bulk Delay can be implemented using the Host interface 


Memory. We assume that the host processor have enough memory to allocate a 4K byte inside its own 
Data Memory. 


2 - INITIALIZATION 


Prior to any operation, the user must assign the Bulk Delay (bulk_delay_line) inside its data space. The 


length of the bulk delay is depending of the Maximum Round Trip Delay (MAX_BULK_DELAY) that we 
want to handle. 


#define MAX BULK_DELAY 3360 /* 1.4 Second Maximum Roud Trip Delay */ 


unsigned char bulk_delay_line [MAX _BULK_DELAY] ; /* Symbol’s Storage Area */ 


Code : 1 /* "C" Global Declaration */ 


For further understanding we define few prototype functions : 

- ST75c5x_read: read a DUAL RAM location. 

- ST75c5x_write: write a DUAL RAM location. 

- ST75c5x_send_cci_command: send a CCl Command to the ST75C502. 


/* Read a DUAL RAM Location: return code is the contain of the RAM */ 
unsigned char ST75c5x_read(unsigned char address); 


/* Write a DUALRAM Location: write data at address Laie f 


void ST75c5x_write(unsigned char address, unsigned char data); 


/* Send a CCI Command to the S$T75C502 ua A 
unsigned char ST75c5x_send_cci_command (unsigned char opcode, unsigned char param[4]); 
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Code : 2 /* "C" Prototype Function */ 
An Example of implementation of ST75c5x_send_cci_command is given at the end of this application note. 


The mechanism implemented inside the ST75C502 assumes that the address of the bulk_delay_line is a 
16 bit word (short int) and that each byte of the bulk_delay_line are located continiously (+1). At the begining 
we must initialize this mechanism by giving it the two addresses BA_ADDR and TO_ADDR. 


We assume that the "C" compiler contains two functions to convert a pointer into its physical address and 
an address (as a short int) into a pointer. Let define these two prototypes: 


/* Convert a Pointer into a Physical Address */ 
short int PTR_ADDR( unsigned char *var); 


/* Convert a Physical Address into a Pointer */ 
unsigned char *ADDR_PTR( short int var); 


Code : 3 /* "C" Pointer to Interger Conversion Prototype */ 


After the CONF command used to select the V.32bis mode of operation, we have to initialize the bulk delay 
mechanism with a BULK command: 


/* Global declaration */ 
#define CCI_BULK 0x22 /* CCI Bulk Opcode */ 


unsigned char ST75c5x_init_bulk() 


{ 


/* local declaration */ 
short int i, base_addr, top_addr; 
unsigned char param[4]; 


/* Get Physical address for Base of Bulk_Delay_Line */ 
i = PTR_ADDR(&bulk_delay_line[0]); 

/* Be sure this number is on a 8 bytes boundary */ 
while ((1%8)!=0) i++; 

base_addr = i; 


/* Get Physical address for Top of Bulk_Delay_Line */ 
i = PTR_ADDR(&bulk_delay_line[MAX_BULK_DELAY-1]); 

/* Be sure this number is on a 8 bytes boundary */ 
while (((i+1)%8)!=0) i--; 

top_addr = i; 


/* Prepare Parameters for sending Command */ 
param[0J=(unsigned char) base_addr % 256; 
param(i]=(unsigned char) base_addr > 8; 
param[2J=(unsigned char) top_addr % 256; 
param[3]=(unsigned char) top_addr > 8; 


/* Send CCI Command */ 
return( ST75c5x_send_cci_command( CCI_BULK, param )); 


Code : 4/* "C" Bulk initialization */ 
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There is no particular timrning to respect between the CONF command, the HSHK command and the BULK 
command. However, to work properly, the BULK command must be send before the Echo canceller is 
started (CA-AC transition in answer mode, R1 detection in originate mode). 


We can also send the BULK command in other mode than V.32 (or V.32 autobaud) this will not have any 
effect. 


At that steep we must known if we want to proceed the bulk delay managment by pooling or by interrupt. 
As the Interrupt task is very simple we recommand the use of an interrupt; however just pooling the SYMSTA 
DUAL RAM Location will give the same results. 


If we use interrupt we must enable the interrupt bit inside the ITMASK register, this will allow the ST75C502 
to generate a signal on its SINTR Pin. 


/* Enable ST75c5x bulk Interrupt */ 
#define ADDR_ITMASK Ox4F /* ST75c5x Interrupt Mask */ 
#define DUAL_EN_BULK_IT 0x02 /* Enable Bulk Interrupt Bit */ 


void ST75c5x_enable_bulk_it() 


{ 
ST75c5x_write(ADDR_ITMASK, 
ST75c5x_read (ADDR_ITMASK) | DUAL_EN_BULK_IT)); 


Code : 5 /* "C" Enable Bulk Interrupt */ 


3 - MAIN TASK 


Each 8 symbols (3.3ms) it is mandatory to serve the Bulk delay mechanism, otherwise an error occurs that 
will be signaled into the SYSERR bit 2 (ERR_SYM). 


The following routine is just the part of the interrupt mandatory to serve the Bulk Delay. Its suppose that 
the Interrupt (ITSRCR) source have been correctely decoded and that the other interrupts (Error, Command, 
Status, Data_Tx, Data_Rx) are well served. 


/* 
#define ADDR_SYMSTA Ox0F /* Symbol Buffer Status a | 


Global Declaration 


#define ADDR _SYMADT 0x10 /* Symbol Tx Buffer Pointer */ 
#define ADDR_SYMADR 0x12 /* Symbol Rx Buffer Pointer */ 
#define ADDR _SYMBUF 0x14 /* Symbol Buffer ed 
#define ADDR_ITSRCR 0x50 /* Interrupt Source Byte ir 
#define DUAL_CLR_IT_BULK 0x41 /* Clear IT1 */ 
/* ‘tt! Only Part of the Interrupt !!!! */ 

/* Local Declaration a | 

short int addr; /* Local address ne 4 

unsigned char *p; /* Local Pointer * 

unsigneg char i; /* Local Loop Counter ua f 


/* Read Interrupt Source */ 
if (ST75c5x_read(ADDR_ITSRCR) &DUAL_IT_BULK)) { 
/**** The BULK Service is Required *****/ 


/* Read First Address */ 
addr=(short int) ST75c5x_read (ADDR_SYMADR) ; 
addr+= (ST75c5x_read (ADDR_SYMADR+1) <8) ); 


p=ADDR_PTR(addr); /* Convert into a Pointer ay 
/* Move from DUAL RAM to bulk_delay_line sed 
for (1=0;1<8;i++) ST75c5x_write (ADDR_SYMBUF+i, *p++); 
/* Clear the Bulk Interrupt Pending Bit ef 


ST75c5x_write (DUAL_CLR_IT_BULK, 0); 


It!!! Continu processing with the other interrupts 


/* 


Code 6: / "C" Interrupt Bulk Managment */ 
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4 - APPENDIX 


/* Global Definition of DUAL RAM Address 
#define ADDR_COMSYS 0x00 /* Command Word 
#define ADDR_COMPAR 0x01 /* Parameters 
#define ADDR_SYSERR 0x08 /* Error Status 


/* OPTIONAL: ERROR Return Codes 

#define DUAL_ERR_NREADY 0x01 ST75c5X not Ready 
#define DUAL_ERR_IOCD 0x02 Incorrect Opcode 
#define DUAL_ERR_IPRM 0x04 Incorrect Parameter 
#define CCI_ERR_MASK 0x18 Mask for IOCD or IPRM 
#define CCI_ERR_MASKIO 0x08 Mask for IOCD 


/* Send a CCI Command to the ST75c5x 


unsigned char ST75c5x_send_cci_command( unsigned char opcode, unsigned char param[4]) 
{ 


unsigned char i; /* local */ 


/* OPTIONAL: Test if the ST75c5x is ready to Execute a command */ 
if (ST75c5x_read(ADDR_COMSYS) !=0x00) return (DUAL_ERR_NREADY) ; 


/* Write Parameters a 8 
for (i1=0;1<=3;1i++) ST75c5x_write(ADDR_COMPAR+i, param[i]); 


/* Last Write opcode to start transfer aw 4 
ST75c5x_write (ADDR_COMSYS, opcode); 


/* Wait until COMSYS Empty 7] 
while (ST75c5x_read(ADDR_COMSYS) !=0x00) /* wait */; 


/* OPTIONAL: Read the Error Status to check if the command was successfull */ 
1 = (ST75c5x_read (ADDR_SYSERR) &CCI_ERR_MASK) ; 


/* OPTIONAL: test if CCI Error */ 
TE {alS0y. 
if (i&CCI_ERR_MASKIO) return(DUAL_ERR_IOCD) ; 
else return (DUAL_ERR_IPRM) ; 
} 


return (0); 


Code : 7 /* "C" ST75c5x_send_cci_command Example of Implementation */ 
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S1T75C502 - RAM MAPPING 


By William GLASS 
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| - INTRODUCTION 


The purpose of this application note is to explain 
whatare the "interesting internal variables" that can 
be Read, Written or Modified using the MR, MW, 
CR commands. 

some of these variables have dedicated com- 
mands to modify them, like SETGN for _TXGAIN 
or tone detector. However the whole RAM (even 
external when using the ST18933) and also the 
DUAL RAM and internal peripherals can be ac- 
cessed using the three above mentioned com- 
mands. 


AN539/0695 


The address, characteristic (R = Read, W = Write, 
R/W = Read or Write), and function of key data 
pump variables is listed below by basic modem 
functional blocks. 


Caution : The Mapping of the variables, given in 
the appendix is only valid for Revision 
2.0 of the ST75C502. 
There is no guarantee that it will remain 
exactely the same for further revisions. 
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ll - ECHO CANCELLER (V.32bis only) 
_RTDELAY (RR) Round trip delay in number of bauds. 


_EC_ STA (R/W) Echo canceller execution status word. the echo canceller can be frozen in data 
mode by reading_EC_STA and performing a logical or with the value $0002 before 
writing to EC_STA (i.e. other bits must not be changed). 


PWREST (R) Residual echo power estimator for determining loss of connection. The ABS() value 
of this variable will be greater than $20 to indicate connection loss, otherwise near 
0. 


FREQOFF (R) Far-end echo frequency offset. offset = FREQOFF x 0.0366 in Hz typically, 
FREQOFF = $1b(27) for 1Hz. 


DELTA (R) Initial far-end echo power after near end echo canceller convergance. This variable 
can be read in data mode and has the following typical values. 
VALUE POWER 


SFFF6 (10) 
SFFF7  —(- 9) 


$0000 (0) | -39dBm 
$000A  —«- (+10) ‘| -69dBm 


FEECENBL  (R) Far end echo canceller is enabled. $FFFF = Enabled, $0000 = Disabled (when 
initial far-end power is less than -69dBm). 


lll - TIMING RECOVERY 
FRQOFFLT  (R) Receive clock frequency offset. 
PSITHRSH (R) 0.94 Degree timing phase adjustement threshold for timing signal dpll. 


Comments : The local-to-remote modem timing offset can be calculated using the following formula : 


FRQOFFLT 0.94 
TIMING OFFSET = PSITHRSH 360 
The normal timing offset is within +1 0'* for most connections. 


IV - CARRIER RECOVERY 


FRQOFF (R) Receive carrier frequency offset. OFFSET = FRQOFF x 0.0366 in Hz. 
Typically, FRQOFF = $1B(27) for 1Hz. 


V - EQUALIZER, AGC 


_RX_STA (R/W) Equalizer and AGC can be frozen independently or simultaneously. 
Bit O: Freeze Equalizer (the Equalizer is frozen if this bit is 1). 
Bit 2: Freeze AGC (the AGC is frozen if this bit is 1). 
_RX_STA must be modified in data mode and the other bits must be unchanged. 
Read the value and change only the corresponding bits in the _RX_STA word. 


_AGCSCA (R/W) Automatic gain control level for receive signal varies from $80(0dBm) to 
$7fff (48dBm). 
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Equalizer error energy gives an idea of signal to noise ratio seen by the receiver. 
RDQUA has the following typical values. 
VALUE POWER 


A 16-bit number between 0 and 127 indicating the receive quality (also available 
in 8-bit status word byte 2, STAQUA in dual port RAM). The following formula is 
implemented in DSP software : 

STAQUA = 127 — SCAQUA - RDQUA 

and is limited between 0 and 127. A value of 127 indicates a very good receive 
signal quality while 0 indicates a very poor signal quality. The coefficient SCAQUA 
is mode dependendent and was chosen to give a value for STAQUA of 63 when 
the receive SNR is such that the expected bit error rate is 10e-5, that is, 1 error 
for every 100 000 bits received. 


Refer to the following charts for expected values of STAQUA, BER on flat telephone 
line. 


BER 


0 31 63 95 127 
STAQUA 


The coefficient for calculing STAQUA above is automatically programmed 
according to the mode specified in the CONF command and it is possible to 
overwrite its value at the end of the synchronization sequence if the user desires 
a different value for the quality indication. Generally, reducing the value read by 
1/2 will imply that an STAQUA value of 31 will correspond with a 10° BER and 
doubling the value will imply that an STAQUA value of 127 will correspond with a 
10° BER in the above table. 


A threshold value for STAQUA for determining the programming of PNSUCS bit in 
HSHK_PHA word described below. The default value is programmed to 64 at the 
execution of a CONF command and can be modified there after. 


Output of demodulator. Complex number, can be used to display the received eye. 
32 Complex even equalizer coefficients. 
32 Complex odd equalizer coefficients. 
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VI - HANDSHAKE, RETRAIN, RATE NEGOTIATION 


_SSPEED (R) Negociated speed. This 8-bit number is available in STAOPO in modem mode (refer 


to Data Sheet for values). 


this 8-bit number is available in STAOP1 in modem mode and indicates status V.54 
and V.22bis test logs (refer to Data Sheet for values). 


Handshake progression counter contains information about the progress of the 
handshake in V.32 and V.22bis modes. This 8-bit value is available in STAOP2 in 
modem mode. It can be read to examine the progression of the handshake and it 
contains normal values and error values as below : 


_STAV54E — ((R) 


HSHK_PHA _(R) 


AUTOBAUD ORIG MODE 
EVENT HSHK_PHA Value 


Wait Answer Tone 


Wait End Answer Tone $02 
No Autobaud and Waiting USC1 $03 
Autobaud Waiting AC or USC1 $04 
AUTOBAUD ANSW MODE 

EVENT HSHK_PHA Value 
Waiting HSK Command $10 
Generating Answer Tone $11 
Generating Silence $12 


V.32 ORIG MODE 


EVENT HSHK_PHA Normal Value HSHK_PHA Error Value 
AC_DET 
AC/CA DET $1 
CA/AC DET $2 
NO AC DET $B for RTRN, $C for RRN 
S_DET $4 
SB_DET $5 
R1_DET $6 
S DET $7 
SB_DET $8 
R3_DET $9, $D no R5 det after 
E DET RRN 
DATA_MODE $A 
V.32 ANSW MODE 
EVENT HSHK_PHA Normal Value HSHK_PHA Error Value 
AA_DET $8 for RTRN, $9 for RRN 
AA/CC DET $1 
NO CC DET $2 
S_DET $3 
S_DET2 $4 
SB_DET $5 
R2_DET $6, $A no R det after RRN 
E DET $7 
DATA_MODE 


V.22bis ORIG MODE 
HSHK_PHA Normal Value 


EVENT 


HSHK 
USC1_DET 
SCR1_DET 


S1_DET 
DATA_MODE 
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V.22bis ANSW MODE 
EVENT HSHK_PHA Normal Value 


HSHK $80 

SCR1_DET $82 

S1_DET $83 

DATA_MODE $90 
FAX MODE 


While Transmiting 


%00000001 generate echo protection tone 


v 
N 
” 
Wo 


%00000010 generate phase reversals 
PNs = %00000100 generate training sequence 
PRs = %00001000 generate rate sequence 
SCRi1s = %00010000 generate scrambled one’s 


= %00000010 detect phase reversals 


PNDETs = %00100000 detect training sequence (latched) 
PNs = %00000100 detect training sequence 
PRDETs = %01000000 detect rate sequence (latched) 
PNSUCs = %10000000 equalizer trainning succes (latched) 
SCR1s = %00010000 detect scrambled one’s 


Note that PRs and PRDET are only valid in V.17 and V.33 modes. 


Stored R and E word values which were sent and received in their chronological 
order during the handshake, retrain, or rate negotiation. Positions _RE_HSK to 
(_RE_HSK+4) contain history during handshake or retrain while (_RE_HSK+5) to 
(_RE_HSK+8) contain history during a rate negotiation request. 


Target speed initialized by CONF or RTRAcommands but can be changed in data 
mode for the case of a remote RTRA or RRN requests. 


%0000000000000010 = 1200BPS 
%0000000000000011 = 2400BPS 
%0000000000000100 = 4800 BPS 
%0000000000000101 = 7200 BPS 
%0000000000000110 = 9600 BPS 
%0000000000000111 = 12000 BPS 
%0000000000001000 = 14400 BPS 


Target RWORD initialized by CONF or RTRAcommands but can be changed (both 
of them) in data mode for the case of remote RTRA or RRN requests. In reference 
to the CCITT recommendation the bits are programmed in the following order : 
(ITU-T RECOMMENDATION) 
BOO, B01, B02, B03, B04, BOS, B06, BO7, B08, BOY, B10, B11, B12, B13, B14, B15 


D15, D14, D13, D12, D11, D10, DO9, DO8, DO7, DO6, DOS, D4, D3, DO2, DO1, DOO 
(_TRWORD) 


Threshold for rate negotiation during handshake or retrain. The quality of the 
receive signal is observed (can be disabled by the command MODC) and the 
corresponding R word is proposed in the handshake or retrain rate negotiation. 
The default value is $300. This gives the typical R word authorization 
characteristics as shown below : 


SPEED Authorized SNR 
14400 > 24dB 
12000 < 24dB 
9600 < 21dB 
7200 < 18dB 


Doubling the threshold will decrease the corresponding snr by 3dB approximately. 
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_CURMOD (RAW) Togive the final negotiated mode for Autobaud applications (especially useful for FSK) 
or data mode configuration. 


D7 D6 D5 D4 D3 D2 D1 DO 


CCITT 1 : CCITT modes. 
O : Bell modes. 
QAMMD : 1 : QAM V.32bis, V.32, V.22bis, V.22, B212A, V.17, V.33, V.29, V.27. 
0: V.21, V.23, B103 FSK modes. 
TCDMMD: 1 : Trellis mode (V.17, V.33 or V.32(bis)). 
0 : Non-trellis mode. 
FDUMD_ : 1 : Full duplex mode such as V.32(bis), V.22(bis), B212A, V.21, V.23, 
Bi03. 
O : Half duplex modes (fax) V.21ch2, V.17, V.33, V.29, V.27. 
LOWMD : 1: V.27 or V.32 or V.22 or V.21 or B103. 
O : V.29 or V.32bis or V.22b or V.23. 
ECCMD : 1 : Echo canceller mode V.32(bis). 
0 : No echo canceller mode (others). 
ANSMD : 1 : Answer mode. 
0 : Originate mode. 
Vil - CARRIER DETECT 
DETH1 (R/W) Fast detection threshold. 
DETH (R/W) Slow detection threshold. 
LOSSTH1 (R/W) Slow loss threshold. 
LOSSTH (R/W) Fast loss threshold. 


The carrier detect contains 2 signal level integrators, a fast integrator for quick detection with a limited 
precision and a slow integrator for enhanced precision. There are four thresholds programmed with default 
values for each of the modes V.22bis, V.33, V.17, FSK, V.29, and V.27 which can be modified by the user 
after the conf command. Typical values are shown below and doubling the value will increase the threshold 


by approximately 6cB : 

(-40dBM) $B0 DETH1 (fast detection threshold) 
(-44dBM) $90 DETH (slow detectiion threshold) 
(-47dBM) $60 LOSSTH1 (slow loss threshold) 
(-51dBM) $40 LOSSTH (fast loss threshold) 


Vill - TRANSMIT FILTER COEFICIENTS 


TXCOEF (R/W) Address of first pulse shaping/compromise equalizer complex coefficient (16-bit 
real, 16-bit imag). 
GAIN (R/W) Attenuation factor for the transmit filter. 


SHIFTVAL (R/W) Gain (Left shift value) from 0 to 15. To be use in conjonction with GAIN for fine 
adjustment of the transmit signal. Up and down scaling. 
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The pass-band pulse shaping and transmit compromise equalizer functions are combined in the transmit 

filter coeficients. The pulse shaping also performs the multi-phase interpolation from different baud rates 

to a fixed sample rate 7200HZ (14400Hz for V.27 4800) thus requiring multiple coeficient sub-tables 

containing complex (16-bit real, 16-bit imag) coeficients. The number of coeficients depends on the shape, 

baud rate,and sampling rate. A default table depending on the compromise equalizer selected in the conf’ 
command is loaded from coeficient memory to external memory, after which, if desired, they can be modified 

by the user. The table below summarizes the location and the number of coeficients to be loaded. 

(* = DEFAULT VALUES) 


MODE BAUD RATE PHASE COEF/PHS STRT ADR ROLL-OFF* NO. OF COMPEQ* 


V.32/33/17 2400 0 32 TXCOEF 0.125 3 
(TXCOEF+64) 
(TXCOEF+128) 


24 TXCOEF 0.20 7) 
(TXCOEF+48) 
(TXCOEF+96) 


8 TXCOEF 0.50 1(FLAT) 
(TXCOEF+16) 
(TXCOEF+32) 
Heo 


V.29 2400 


V.27(2400) 1200 


(TXCOEF+64 
(TXCOEF+80) 


7 TXCOEF 0.50 1(FLAT) 
eee, 
) 
) 


V.27(4800) 1600 


TXCOEF+28 
(TXCOEF+42 
(TXCOEF+56 
rasoera 
TXCOEF+84 
(TXCOEF+98) 
(TXCOEF +112) 


5 TXCOEF 0.50 1(FLAT) 
(TXCOEF+10) 
(TXCOEF+20 
(TXCOEF+30 
(TXCOEF+40 
Hcoer 
(TXCOEF+60 
tee sag 
TXCOEF+80) 
(TXCOEF+90) 
oe 
TXCOEF+110) 


V.22 600 
ORIG/ANS 


SSOONADTAWNM=O DBNOTAWNAO TMAWN+0 M=O Y= 


IX - TONE DETECTOR PROGRAMMING 


LEVOUT (R/W) 16 Programmable static levels. 


BIQCOEF (RAW) 16*2*6 Biquad coeficients. 
Coef. order for each of 16 4th order cells : 
CO, Ci, C2, C3, C4, C5, C6, C7, C8, C9, CA, CB 
Where each 4th order cell has the following xfer function : 
OUT _ 9 CS: 2+2-C3-Z4+264 ,, CB-2+2-C9:Z+2-CA 


IN Z°-2-C1-Z=2-Z Z*-2.C7-Z-2-C8 
POWCOEF (R/W) 16 Power coeficients p1 Power estimator using absolute value of the input signal : 
OUT ince 
IN Z-(1—P1) 
BPWIRE (R/W) 16 Biguad and pwr estimator input wiring addresses. 


FORMAT = [4TH ORDER BIQ(MSB),PWR(LSB)] 
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CPWIRE 


_NTDCELL 
_TONEDET 


(R/W) 


(RW) 
(R) 


16 Comparator input wiring addresses. 

FORMAT = [COMPARATOR+(MSB),COMPARATOR-(LSB)] 

The wiring addresses furnished in bpwire,cpwire are from the following possible 
sources : 


GND $00 
RX SIGNAL $01 
RX SIGNAL*2 $02 
RX SIGNAL*4 $03 
4TH ORDER BIQ BLOCK OUTPUT $10 to $1F 
POWER OUTPUT $20 to $2F 


STATIC LEVELS PROGRAMMED IN LEVOUT $30 to $3F 
Number of tone detector cells active (0-15) 


Outputs of tone detectors. The low byte of TTONEDET contains the outputs of tone 
detector cells 0 to 8. The low byte of _TONEDET+1 contains outputs of cells 9 to 
15. When the corresponding bit is "1" the signal at the positive input of the 
comparator is higher than that at the negative input. Only. NTDCELL bits are valid 
at one time, the other one are 0. 


TONEDETO TONEDET1 
CALL WAIT BPF 440Hz AN1300 BPF 
D1 RXSIG < -21dBM D1 ORG : AN1300 > AZ1800 
ANS : AN1300 > 022100 
D2 CPLOW LPF 650Hz D2 AN1650 BPF 
D3 CPHIGH HPF 600Hz D3 ORG : AN1650 > AZ1800 
ANS : AN1650 > 022100 
D4 CPHIGH < CPLOW D4 ORG : ANS2100 BPF 
ANS : ORG1800 BPF 
D5 ORG: AZ1800 NOTCH D5 ORG : ANS2100 > AZ1800 
ANS: 022100 NOTCH ANS : ORG1800 > 022100 
D6 AN600 BPF 600Hz D6 ANS2225 BPF 
D7 ORG : AN600 > AZ1800 D7 ORG : ANS2225 > AZ1800 
ANS: AN600 > 022100 ANS : ANS2225 > OZ2100 


X - GENERAL PURPOSE 


_TXGAIN 


(R/W) 


Transmit gain. Any signal to transmit is multiplied by this number. This is the value 
modified by SETGN command. 


XI - TONE GENERATOR 


_TGNFLG 


_TGOPHC 


_TGNBLK 
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(RW) 


(RW) 


(RW) 


Tone generator flag. Each of the four low bits of this variable define if the 
corresponding tone generator is enabled. This is the value modified by a TGEN 
command. 


Tone generator #0 phase reversal threshold. If different from 0, a phase reversal 
will be executed on the tone genarator #0 after __TGOPHC bauds. This is used in 
V.32 answer tone generation (default value is 1080 for 450ms). 


For each of the four tone generators (i) contains: 
_TGNBLK+(3*i): Frequence of tone (i.e. $4000 = 1800Hz). 
_TGNBLK+1+(3"i): Instantanous phase. 

_TGNBLK+2+(3"i): Amplitude (S7FFF refers to maximum signal). 
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XII - DEFAULT OPTIONAL STATUS 


UADDR (R/W) Size 3: address of the DSP’s variable regulary displayed into the optionnal status 
word. These address can be modified with the DOSR command. 


XIll - RING 

RNG_FMIN = _(R/W)_ The default value for this variable is 35. A ring signal of 68Hz is periodic every 35 
bauds at 2400Hz. 

RNG_FMAX  (R/W) The default value for this variable is 160. A ring signal of 15Hz is periodic every 
160 bauds at 2400Hz. 


RING_PERIOD (R) Output of the RING detector. This word is identiqual to the STAOP2 byte when in 
tone mode (neither DTMF receiver neither modem mode). The content of that word 
is the duration of the RING period. The formula to compute the RING frequency 
is : 

a in Hz. 


RING_frequency = RING PERIOD 


Figure 2 


STA_RING 


RING_PERIOD {| __o i ti | t2 | ta] ta] dt tet 
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XIV - ADPCM 


NOISE (R/W) The default value is $C after CONF command and can be modified to increase or 
decrease the background noise level in the voice activity detection algorithm. The 
value is complemented at the sample rate giving a periodic signal at 3600Hz. 

TRANSMAX (R/W) The default value is 90 after CONF command and represents, in each frame of 
30ms, the maximum number of transitions or zero-crossings to keep the voice 
activity detector active. The internal signal, VOICE, represents the output of this 
detector and is updated every 30ms. 

CNTMAX (R/W) The default value is 14400 (2s) after CONF command and represents the preload 
value for a counter. The counter is update at the sample rate of 7200HZ. It is either 
preloaded if VOICE (from above) is active or decremented if VOICE is inactive. If 
the counter is not0, CARRIER DETECT is raised. Effectively, the user can increase 
(decrease) the duration of CARRIER DETECT after loss of a voice signal by 
increasing (decreasing) the value of CNTMAX. 

PRGTHRSH _  (R/W) The voice activity detector has an absolute signal level threshold in parallel with 
the zero-crossing detector described above. The default value of PRGTHRSH is 
O after the CONF command and designates the threshold to be the average level 
measured during the previous detection of voice activity by the zero-crossing 
method. If PRGTHRSH is changed by the user to a non-zero value, the actual 
value programmed is the threshold for the detector. Thus, the absolute signal 
detector can be disabled by programming a large value such as $/7fff for 
PRGTHRSH. 
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XV - APPENDIX : Address Equivalences for Version 1.0 and 1.2 


ECHO CANCELLER 


_RTDELAY 
_EC_STA 
PWREST 
FREOFF 
DELTA 
FEECENBL 
TIMING RECOVERY 
CARRIER RECOVERY 
EQUALIZER,AGC 
$1017 


HANDSHAKE,RETRAIN, RATE NEGOTIATION 


CARRIER DETECT 
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TRANSMIT FILTER COEFICIENTS 


TXCOEF $12E4 
GAIN 
SHIFTVAL $12E1 


TONE DETECTOR PROGRAMMING 


GENERAL PURPOSE 
TONE GENERATOR 


_TGNFLG 
_TGOPHC 
_TGNBLK $13A8 


DEFAULT OPTIONNAL STATUS 


RING 


RNG_FMAX $1DDC 
RNG_FMIN $1DDB 
RING_PERIOD $1DDA 


ADPCM 
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APPLICATION NOTE 


HOW TO USE THE DUAL PORT RAM 
FOR PARALLEL DATA TRANSFER WITH THE ST75C502 
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1.7.5 Data Reception... ......0ccceneeeenns 


1.7.5.1 DOSCHDION scutes sire erkeh ote caved 
H.7.5.2 Status Word Format................ 
| - INTRODUCTION 


I.1 - Overall 
This application note describes the way to use the 
$1T75C502 Data Buffers. 


These Data Buffers are implemented into the DUAL 
RAM of the ST75C502. They are shared between 
the Host processor and the ST75C502. A mecha- 
nism of Flags and interrupts is associated with them 
to allow an easy management of the Data. 


1.2 - Cautions 
The mechanism described below is only valid while 
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in regular Data Transmission, not in Handshaking 
neither in Call progress (or DTMF) tone detection 
modes. 


1.3 - Notations 

Any bold_italic command refers to reserved Nam. 
"Host" refers to the Micro-controller connected to 
the ST75C502 Data Pump. 

"Transmit Data" (or Tx) means Data transfered by 
the ST75C502, via the modulator, to the telephone 
line, and "Receive Data" (or Rx) means Data com- 
ing from the telephone line and demodulated by the 
ST75C502. 
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Il - PARALLEL DATA EXCHANGE 


ll.1 - Overview 


While in Parallel Mode, the transmitted (respec- 
tively Received) Data to (from) the telephone line 
are exchanged between the Host and the 
ST75C502. 

Two totally independent channels are provived for 
Transmit and Receive Data. Even while using Half 
Duplex modes of operation, the transmitted data 
comes from the Transmit buffers and the receive 
Data arrives in the Receive buffers. 

Two independent Interrupts, /T2 (for Transmit) and 
IT3 (for Receive) are available for synchronizing 
the ST75C502 and the Host. An additional ITO 
interrupt will signal the errors in the synchronization 
mechanism. 


The equivalent Data Flow is shown in Figure 1. 
ll.2 - Select Parallel Mode 

The SERIAL command allows the independent 
Figure 1 
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selection of the parallel mode for the Transmit 
and/or Receive Data path. The parameter syntax is 
as follows : 


[Fits [Byte | Pos. [Value | Definition 


TX_SDATA 1 0* Use Serial Link 
for Tx Data 

_ 

1 


Use Parallel Link 
for Tx Data 
Use only Serial 
Note: Even if the parallel mode is selected for the Receiver, 
the Received Bit Stream is available on the RxD pin 
of the ST75C502. 


Link for Rx Data 
Use both Serial 

an Parallel Link 

for Rx Data 


This command must be sent in Data Mode, when 
the Transmit or Receive data links are established. 
This corresponds with the presence of the signals 
STA_106 (for Tx) and/or STA_ 109 (for Rx). 


Telephone 
Line 


> Control 
—* Data 


ON 
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il - PARALLEL DATA EXCHANGE (continued) 


11.3 - Transmit Buffers 

Two identical buffers are provided to exchange the 
data between the Host interface and the ST75C502. 
When the Host is writing data into a buffer, the 
ST75C502 is transmitting the other one. After that, 
both the Host and the ST75C502 switch to use the 
other buffer. This mechanism, called "Double-Buff- 
ering", ensures that the host has the maximum time 
to fill one buffer. The DUAL RAM area associated 
with the transmit buffers is as follows : 


|__Name | Address | Description 
Buffer 0 Status Byte 
Buffer 0 Data Byte 0 
Buffer 0 Data Byte 1 
Butfer 0 Data Byte 2 
Buffer 0 Data Byte 3 
Buffer 0 Data Byte 4 
Buffer 0 Data Byte 5 
Buffer 0 Data Byte 6 
Buffer 0 Data Byte 7 
Buffer 1 Status Byte 
Buffer 1 Data Byte 0 
Buffer 1 Data Byte 1 
Buffer 1 Data Byte 2 
Buffer 1 Data Byte 3 
Buffer 1 Data Byte 4 
Buffer 1 Data Byte 5 
Buffer 1 Data Byte 6 
Buffer 1 Data Byte 7 


The Bit 0 (LSB) of the Buffer 0 Data Byte 0 is the 
first in time to be transmited. 


A value of 0 in the Status Byte of the Buffer signals 
to the Host that a buffer is empty. This value is set 
by the ST75C502 each time it has emptied the 
buffer. After having used one buffer, the host must 
select the other buffer for the next operation. The 
host must start with the Buffer 0 as soon as the 
ST_106 signal is on and the SERIAL Tx is selected 
and BEFORE the XMIT 1 command is sent. 


A mechanism of interruption (/72 for Transmit) is 
associated with the Data Buffer management. 
Each time a Buffer is emptied by the ST75C502 it 
generates an interrupt. 


ll.4 - Receive Buffers 

Symetrically two identical buffers are provided to 
exchange receive data between the ST75C502 
and the Host processor. While the ST75C502 is 
filling one of the buffers with the receive bits, the 
Host processor is reading the other buffer. As soon 
as the host has emptied a buffer it frees it by writing 
0 in the Buffer Status Byte. 

The DUAL RAM area associated with the receive 
buffers is as follows : 


Description 

DTRBSO Buffer 0 Status Byte 
DTRBFO0] Buffer 0 Data Byte 0 
DTRBFO[1] Buffer 0 Data Byte 1 
DTRBFO[2] Buffer 0 Data Byte 2 
DTRBFO[3] Buffer 0 Data Byte 3 
DTRBFO[4] Buffer 0 Data Byte 4 
DTRBFO[5] Buffer 0 Data Byte 5 
DTRBFO[6] Buffer 0 Data Byte 6 
DTRBFO[7] Buffer 0 Data Byte 7 

DTRBS1 Buffer 1 Status Byte 
DTRBF1[0] Buffer 1 Data Byte 0 


DTRBF1[6] Buffer 1 Data Byte 6 
DTRBF1[7] Buffer 1 Data Byte 7 


The Bit O (LSB) of the Buffer 0 Data Byte 0 is the 
first received bit in time (the oldest). 

A value of 0 in the Status byte of the Buffer signals 
to the ST75C502 that a buffer is empty. This value 
is set by the Host each time it has emptied the buffer. 
After having used one buffer, the host must select 
the other buffer for the next operation. The Host 
must start with the Buffer 0 as soon as the STA_109 
signal is on and the SERIAL Rx is selected. 

A mechanism of interruption (/T3 for Receive) is 
associated with the Data Buffer management. 


Each time a buffer is filled by the ST75C502 it 
generates an interrupt. 
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Il - PARALLEL DATA EXCHANGE (continued) 
1.5 - Interruption 


Two Interrupt signals are provided in order to syn- 
chronize the Data Buffer Exchanges. /T2 is associ- 
ated with the Transmit Buffer mechanism and /IT3 
with the Receive Buffer mechanism. 


In order to enable these interrupts, the Host proc- 
essor must set the bit 2 (for /T2) and the bit 3 (for 
IT3) of the ITMASK Register to 1. It must also set 
the Bit 7 of the /TMASK register to 1 in order to 
globally enable all the selected sources of interrup- 
tion. 


When an Interrupt occurs (low level on SINTR pin) 
the user must read the ITSRCR Register to deter- 
mine the source of the interrupt, either /72 for Tx (if 
the bit 2 is 1) or /T3 for Rx (if the bit 3 is 1). 


Once the Interrupt has been serviced, the host 
must acknowledge it by writing a $00 value into the 
register ITRES2 for IT2, or ITRES3 for ITS. 


These registers have the following address : 


Name | Address [| Type | Description 


Notes: 1. The ST75C502 does not check that the interrupt has 
been acknowledged. 

2. Even if the Host does not use the interruption, the 
ST75C502 will set the bit 2 (for /72) and/or bit 3 (for /T3) 
of the ITSRCR. 

3. The ST75C502 uses only the Data Buffer Status Bytes 
to detect Overrun or Underrun Error. These errors are 


reported into the SYSEAR byte, and could generate an 
interrupt /TO. 


The equivalent schematic is shown in Figure 2. 
Figure 2 


The interrupt mechanism assumes that the Host 
processor uses a Level sensitive interrupt (active 
low). The Flow chart of the Host interrupt service 
routine looks generaly like Figure 3. 

The transmitter reads the bits in the DUAL RAM 
Buffer DTTBFx (starting with the Bit 0 of Byte 0 of 
Buffer 0) and sends them over the telephone line. 
The Buffer Status Byte DTTBSx contains the num- 
ber of Data Bytes to transmit. 

The receiver write the received bits comming from 
the Telephone line and write them into the DUAL 
RAM Buffer DTRBFx (starting with the Bit 0 of the 
Byte O of the Buffer 0). The Buffer Status Byte 
DTRBSx contains the number of Data Bytes re- 
ceived (generaly 8). 

The time between each /T2 interrupts (or /T3) is 
equal to 64 bit if the number of Data Bytes is set 
to 8. The Host has the full 64 bits time to serve the 
interrupt : 


| 9800 | 
ic 
| 2400 | 


ITRES2 
(Write Only) 


(Tx Buffer Emptied) 
ITRES3 


From 
Write Onl 
yn y) $T75C501 


DSP 
(Rx Buffer Filled) 


ITSRCR 


(Read Only) 
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ll - PARALLEL DATA EXCHANGE (continued) 


Figure 3 mand. After that the ST75C502 will start transmit- 
ting continuous "1". Note that for a proper operation 
att | 


each time the STA_106 signal goes on, the SE- 
RIAL command must be sent. 
Check only the Interrupt sources 
that we want to manage under 1.6.1.1 - XMIT Command 
Interrupt. ; ; 
The XMIT Command works like a CTS signal for 
the Parallel process. 
Yes If all sources served When XMITis off, the ST75C502 transmits continu- 
return from Interrupt. ous "1". When on the ST75C502 transmits Data 
i and starts to manage the Data Buffer. 
| This command can be sent at any time, while in 


“S[ecve Tenor] TaBulter | | TE 
Execute IT_Transmit| Tx Buffer 
management. | Byte | Pos. | Value | Definition | 


TX_START ional id i ES (OFF) Send 


continuous "1" 
Execute Note: 


(ON) Send data 
according 
1. The XMIT Off command takes effect only when the two 
Execute IT_Receive | Rx Buffer Transmit buffers are empty : DTTBFO and DTTBF1 
management. equal to $00. 


Reset IT3. 1.6.1.2 - STOP Command 


The STOP command is used in FAX Mode, at the 
end of the transmission, to stop sending the carrier 
on the telephone line. 


Prior to the STOP. command the user must have stop 
the parallel transmission with a XMIT off command. 


(Other Interrupts) 
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Il.6 - Transmitting in Parallel Mode 
li.6.1 - Description 


When the STA_106 (CTS) signal is on, the user _—‘!1-6.1.3 - Timing 
must select the parallel mode by enabling the par- Here are regular sequences to stop properly the 
allel link with TX_SDATA bit set in SERIAL com- transmission (See Figure 4). 


Figure 4 


Case 1 : Normal Stop 


STA_106 | 


Feed Last Buffer 
XMIT 0 (ignored until here) 
STOP y 


Data Transmitted erastesuticn 


Case 2 : Immediate Stop 


STA_106 | 


Feed Last Buffer 
SERIAL 0 
STOP ; (last buffers truncated) 


Data Transmitted 
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ll- PARALLEL DATA EXCHANGE (continued) 


1.6.1.4 - FSK Full Duplex Mode Establish a V.29 transmission and send the very 


In FSK Full Duplex Mode the Parallel Mode as- _ first Buffer (see Figure 6). 
sumes that the bit time duration is the nominal bit 
rate. Each bit element from the Transmit buffer is 
maintained during the full bit time. The nominal bit 

clock is defined as follows : 


Nominal ’ . 
-.| Bit Clock Bit Clock 
Stieford | Bavemtt! on Rx Pin | on Tx Pin 
(Hz) f (Hz) (Hz) 


Figure 5 


Read Bit 
in Internal Buffer 


Note: 1. The accuracy of the Bit clock is given by the ST75C502 Select next DUAL 
oscillator, and must better than 50ppm. RAM Buffer x 
11.6.2 - Modem Flow Chart ee 
When in the Parrallel Data Mode, each time the DTTBSx = 0 
ST75C502 need a bit to transmit it executes the 
following routine (See Figure 5). No 
Where x starts with the value 0 and toggle thereaf- Signal Error 
ter between 1 and 0 Move DTTBSx Data into ERR_TX 
. to Internal Buffer = 

11.6.3 es Host Flow Chart Raise ITO Interrupt 
Here after are Flowcharts to : Cees | 
- Establish a V.29 transmission. ; Select DUAL RAM 
- Send synchronous continuous "$AA, $55, SAA, Raise IT2 Interrupt Bufferx=0 

$55, ..." sequence. The management of the Buff- 

ers are done under interrupt. 


- Stop properly the transmission. 


Figure 6 


Yes 
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CONF OF 080001 | Select V.29 9600 bps. Subroutine : 
Fill First Buffer 


Start V.29 sequence. 


Write AA, 55, . 
into DTTBF(0..7]} 


— Wait until end 
of training. Write 08 
into DTTBFSO 
Yes 


SERIAL 01 Enable paralle! Select Next Buffer 
transmit data. IBUF = 1 


Fill the first 
buffer #1. Tx_Completed 


Start to transmit 
To! the first buffer. 


Fill First Buffer 
= FALSE 


Enable IT2 
ITMASK = 0x84 


AN684-06 EPS 


6/10 
=) ________ 57] Sgsouon 


HOW TO USE THE DUAL PORT RAM FOR PARALLEL DATA TRANSFER 


ll - PARALLEL DATA EXCHANGE (continued) 


These flowcharts show two CPU variables labeled Figure 8 
IBUF and Tx_Completed, they are necessary for 


the understanding of the mechanism, but there is XMIT 00 stop scnding parallel 
data (delayed). 


different manners to implement it. These two vari- 
ables have the following meanning : 


- IBUF: This is the number of the DUAL RAM Buffer Stop signal. 
currently in use by the Host processor. It starts 
with O and then alternate 1, 0, 1, 0, ... Semaphore 

- Tx_Completed : This is a Flag to dialog with the with interrupt. 


interrupt process in order to stop properly the 


transmission. Wait until last buffer 
The other Buffers are sent under interrupt contro! is transmitted and 


(refer to the interrupt flow chart, Figure 7). CCITT stop sequence 
completed. 


Figure 7 


Execute_IT_Transmit 11.6.4 - Error Detection 


Error occurs when the ST75C502 need some bits 
from the transmit buffer DTTBSx and this buffer is 
empty. This condition is called "Underflow'". 


This error is signaled in the bit ERR_TX of the 
SYSERR byte, and generates an interrupt /T0. To 
clear the error a CSE 01 command must be issued. 


An Underflow condition occurs when the host proc- 
essor "forgets" to feed the current DTTBSx buffer. 
When an Underflow condition occur the Host must 


restart the whole parallel initialization, as explained 
above. 
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Write AA, 55, ... 


no PTE 11.6.5 - Data Transmission 


1.6.5.1 - Description 


The ST75C502 transmits the bits contained in the 
DUAL RAM Buffer without any modification. It starts 
with the Bit 0 of the DTTBFO[O] byte. 


1.6.5.2 - Status Word Format 


The Transmit Status Bytes DTTBSO or DTTBS1 
have the same meaning (See Table 1). 


This status byte must be written by the Host, after 


Note: 1. At this step the host can check that the corresponding ill j 
DITESx butter ts empty (equal te $00), heceenuie filling the corresponding data buffer DTTBFx[0..7] 


an error with the right number of data bytes to transmit. 
To stop properly the transmission, without loss of This status byte is cleared by the ST75C502, just 
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Data (See Figure 8). before generating the /T2 interrupt. 


Table 1 : DTTBSx in Synchronous Mode 


| Pos. | Value 
. 0 


BUFF_LENG 3..0 


Buffer empty 
1 Byte to transmit (DTTBFx[0)) 
2 Bytes to transmit (DTTBFx[0] and DTTBFx[1)) 


8 Bytes to transmit (DTTBFx[0..7]) 
Other Not allowed 


| Other | 74 | | Reserved, must be 0 
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Ill - PARALLEL DATA EXCHANGE (continued) 


ll.7 - Receiving in Parallel Mode 

1.7.1 - Description 

When the STA_109 (CD) signal goes on, the user 
must select the parallel mode by enabling the parallel 
link with RX_SDATA set in the SERIAL RX com- 
mand. After that the ST75C502 will write received 
data into the DUAL RAM buffer DTRBSO. Note that 
for a proper operation, each time the STA_709 goes 
on the SERIAL command must be send. 


1.7.1.1 - Initialization 

The host processor must enable the /T3 receive 
interrupt first. 

Then it must empty the two DTRBSO and DTRBS1 
registers by writting $00 at these locations. 

Then it must send the SERIAL RX command. 

As soon as the first /73 interrupt appears, the host 
must proceed with the DTRBSO buffer. 


1.7.1.2 - Loss of Carrier 


Each time a loss of carrier appears the ST75C502 
stops updating the data buffer. 


If the carrier reappers the host must proceed again 
with the INITIALIZATION sequence. 


1.7.1.3 - FSK Synchronization 


The FSK Full Duplex demodulator uses an algo- 
rithm based on the transitions of the received sig- 
nal. The synchronization mechanism is adjusted 
with each signal transition in order to sample the 
demodulated signal at the midle of the bit (see 
Figure 9). 


Figure 9 


Demodulated 
Signal 


Sample Time 


Received Bit 


11.7.2 - Modem Flow Chart 


When in parallel data mode, each time the 
ST75C502 has received some bit of data it exe- 
cutes the following routine (See Figure 10). 


Where x start with the value 0 and toggle between 
1 and 0. 
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Figure 10 


Write Bit 
in Internal Buffer 


Yes, 
Select next DUAL 
RAM Buffer x 


No 
Yes 
Signal Error 
into ERR_RX 
Write DTRBSx Raise {TO Interrupt 
Select DUAL RAM 
Raise ITS Interrupt Buffer x = 0 


Move Data 
from Internal Buffer 
to DTRBFx 


I1.7.3 - Host Flow Chart 


Hereafter are flowcharts to : 

- Establish a V.29 reception. 

- Receive synchronous data. This task is per- 
formed under interrupt. 

- Handle properly some temporary loss of carrier. 

Establish the reception (see Figure 11). 

These flowcharts show one CPU variable labeled 

IBUF which is necessary for the understanding of 

the mechanism, but there are different manners to 

implement it. 

- IBUF: this is the number of the DUAL RAM buffer 
currently in use by the Host processor. It starts 
with O an then alternates 1, 0, 1, 0, ... 
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ll - PARALLEL DATA EXCHANGE (continued) 
Figure 11 


CONF OF 080001 | Select V.29 9600 bps. Subroutine : 
Clear First Buffers 


Write 00 into DTRBFSO 
Write 00 into DTRBFS1 


Arm V.29 receiver. 


Wait until V.29 
carrier detected. Select Next Buffer 
IBUF =0 


Clear the first Enable IT3 
buffers #0 and #1. ITMASK = 0x88 


Enable parallel 
receive data. Return 


In case of lost 
of carrier while 
in data mode. 


The received bits are read by an interrupt routine 11.7.4 - Error Detection 


(see Figure 12). Error occurs when the ST75C502 has received 
Figure 12 some bits and that the buffer DTRBSx is not empty, 
this condition is called "Overflow". 


This error is signaled in the bit ERR_RX of the 


SYSERR byte, and generates an interrupt /T0. To 
clear the errora CSE 02 command must be issued. 


An Overflow condition occurs when the host proc- 
essor "forgets" to empty the current DTRBSx buff- 


(1) 
| er. 
Read DTRBS1 Read DTRBSO Hs: 
Extract BUFF_LENG Extract BUFF_LENG When an Overflow condition occurs the host must 


restart the whole parallel INITIALIZATION. 


BUFF_LENG Times ¢2} BUFF_LENG Times #2} 
Read DTRBF1 Data Read DTRBFO Data 11.7.5 - Data Reception 


1.7.5.1 - Description 


The ST75C502 writes the received bit into the 


DUAL RAM Buffer without any modification. 
It starts with the Bit 0 of the DTRBFO/[O] byte. 


1.7.5.2 - Status Word Format 


The receive Status Byte DTRBSOor DTRBS71 have 


Notes: 1. At that step the host can check that the corresponding the same meaning (see Table 2). 
DTRBSx buffer is full (different from $00), otherwise it is 


‘ Se 5 aes pee: a The BUFF_LENG is always 8 except when a lost 
A Is means rea es, inside e : . 
Receive Helio a starting from location of carrier (STA_109 going to 0) happens. 
The BUEE LENG Eee 8 yee ae when a This status byte is set by the ST75C502, just before 


Return 
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ll- PARALLEL DATA EXCHANGE (continued) 
Table 2 : DTRBSx in Synchronous Mode 


[Pos | —Value™=—S«d|SSSSS~*~ into 
3..0 0 Buffer empty 
1 Byte to transmit (DTRBFx[0)) 


2 Bytes to transmit (DTRBFx[0] and DTRBFx[1}) 


8 Bytes to transmit (DTRBFX[0..7]) 
Not used 


ee es LT ae) 


BUFF_LENG 
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| - INTRODUCTION 
1.1 - Overall 


The ST75C502 is a complete and powerful mo- 
dem/fax data pump which provides all the facilities 
to establish modem connections from the V.32bis 
at 14400bps to the V.23 at 75/1200bps or 1200/75 
bps and fax communications from V.17 at 
14400bps to V.27ter at 4800bps. 


Such a component is always used via a microcon- 
troller (MCU). The software interface (often called 
modem_driver) between the MCU and the data 
pump will incorporate all the functions needed to 
use the component. To write these functions the 
engineer has to: 

- understand how to perform the set up of the data 
pump, 

- understand how the handshake is done and what 
kind of monitoring is required by the MCU, 

- understand how the communication must be su- 
pervised using status given in real time by the 
data pump. 

So the purpose of this application note is to provide 
all the information for the set up, the handshake and 
the communication monotoring. In other words, we 
would like to give the answers before the engineer 
asks for questions. Examples will be given each 
time they may help to understand. 


1.2 - SATURN Modem Driver 


SGS-THOMSON has developed an application 
board called SATURN. It looks like a stand alone 
modem/fax Hayes compatible which allows asyn- 
chronous and synchronous communications. We 
will take the examples from the modem driver writ- 
ten for this application. 


1.3 - Notations 


Any bold_italic command refers to reserved 
Name. 


Ox value means a value given in hexadecimal. 
Ob value means a value given in binary. 


Il - TYPICAL SOFTWARE FUNCTIONS 
FOR MODEM AND FAX COMMUNICATION 


The main loop of the SATURN software uses the 
functions available in the modem driver called 
DP_ST.C. The set up, the handshake and the com- 
munication monitoring are separated in more than 
three functions (more than one for each task) to 
have a structured software which could be easily 
modified. To help the engineer to write his software 
we give some of these functions used in SATURN 
modem/fax application as example. 


- Channel establishement : 
dp_set_modulation_type() 
dp_init_handshake() 
dp_monitor_handshake() 
dp_get_modulation_type() 
dp_get_rate_sequence() 
dp_analyzer() 


- Line interface monitoring : 
dp_carrier_detect() 
dp_init_retrain() 
dp_init_rate_renegotiation() 
dp_detect_retrain() 

- Fax operation : 
dp_set_idle() 
dp_set_v21_detector_fax() 
dp_detect_v21_fax() 
dp_detect_v21_in_high_speed_fax() 
dp_facsimile_data_mode() 


Il.1 - Function Definition 


dp_set_modulation_type() : 

Configures the data pump to begin handshaking 
with the modulation type required. An argument 
could be used to determine if the data pump can 
fallback to slower speed if the communication can- 
not be established at the initial speed. 


dp_init_handshake() : 

Begins handshaking according to the configuration 
specified by dp_set_modulation_type(). 
dp_monitor_handshake() : 

Monitors the progression of the handshake during 
channel establishment and give a message result. 
This function must be called repeatedly by the main 
loop until a final message is return. 
dp_get_modulation_type() : 

When in data mode, gets the data pump’s current 
modulation type. 

dp_get_rate_sequence() : 

Give the last V.32, V.32bis rate sequence received. 
dp_analyzer() : 

This function is called repeatedly by the main loop. 
some monitoring required by the data pump could 
be placed in this function. 


dp_carrier_detect() : 

This function tests if the received carrier is detected. 
dp_init_retrain() : 

This function requests to the data pump to initiate 
a retrain using the current configuration. This func- 
tion could use two arguments, one to select the 
fastest modulation type to be used to start the 
handshake and one to allow a fallback to slower 
speed if the data pump can fallbak to slower speed 
if the communication cannot be established at the 
initial speed. 


2/15 
ha Rat rns 


282 


SET-UP, HANDSHAKE AND COMMUNICATION MONITORING 


dp_init_rate_renegotiation() : 

This function requests to the data pump to initiate 
a rate negotiation in V.32bis. An argument could be 
used to defined the new modulation type desired. 


dp_detect_retrain() : 

This function detects if a retrain or a rate negotiation 
initiated by the remote modem is in progress. 
dp_set_idle() : 

This function is only used in fax mode. The data 
pump returns in idle mode. In this mode, the data 
pump stops transmitting or receiving and waits for 
a new modulation type. 


dp_set_v21_detector_fax() : 

This function could be called by a fax module in 
originate. Prepare the data pump to detect V.21 ch2 
modulation using dp_detect_v21_fax(). 


dp_detect_v21_fax() : 

This function is only called by a fax module in 
originate. Interrogate the data pump about detect- 
ing V.21 ch2 modulation. This function must be 
called repeatedly by the main loop while sending 
CNG tone (ITU_T tone at 1100HZ). 
dp_detect_v21_in_high_speed_fax() : 

Function only used in fax mode. When the data 
pump is configured in high speed mode (V.27, V.29 
and V.17) reception, this function tests if the remote 
modem is sending V.21 ch2 modulation. 


dp_facsimile_data_mode() : 

Function only used in fax mode. When the data 
pump is configured in high speed mode (V.27, V.29 
and V.17) reception, this function detect if the data 
pump is in data mode. 


lll - FIRST STEP : SET-UP OF THE DATA PUMP 


The set up of the ST75C502 is done using the two 
main commands CONF and MODC. 


The CONF command is essential since it is the only 
way to select one of the different operating modes 
for the Transmit and the Receive part. 


The following table shows the possible operation 
mode : 


* Default value. 


The CONF command needs 4 parameters which 
must be used each time. The parameters are byte 
size, byte 1 being the first and byte 4 the last. The 
Table 1 shows the meaning of the parameters. 


The MODC command is used to modified default 
parameters value which will be used when the data 
pump will do the handshake and also to enable or 
disable some particular type of operation. 


Here after we give some example of modifications 

that could be request by the application : 

- the user can select two kind of guard tone in V.22 
and V.22bis (answer mode only), 

- the application requests a short train sequence 
instead a long train sequence in V.17 to send data 
while in C phase of the FAX T.30 protocol. 


The selection of the modifications is done using 2 
parameters (byte size) with the MODC command. 
The Table 2 shows the meaning of the parameters. 


The purpose of the set up phase is to initialize with 
the good value some of the parameters of the 
CONF and MODC command. The others CONF’s 
parameters and MODC's parameters will be initial- 
ized when the software will do the initialisation of 
the handsahke (select leased line, transmit equal- 
izer, ...). Mainly the set up phase will select auto- 
mode or fixed mode and the wanted speeds. 
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Table 1 


| _Field _| Byte | Pos. | 


CONF_PSTN 
CONF_AO Bek 


CONF_MODE 2 


CONF_SPO 


Table 2 


here? eee 


MODC_SH : Normal training sequence 
Short training sequence 
0 


MODC_V22G No guard tone 
1800Hz guard tone 
550Hz guard tone 
ge FPT 3..2 ce No echo protection tone 
‘ Long echo protection tone (180ms) (FAX only) 
Originate : wait answer tone for handshake 
Answer : do not generate answer tone for handshake 
MODC_NOSA Cut answer tone when receiving AA (V.32bis (short train 
sequence must be preceded by at least one normal training 
sequence), V.32). 
1 Continue answer tone when receiving AA 
MODC_NOQA 2 7 0* Enable V.32bis handshake on quality 
1 Disable handshake on quality 


cecil NOTA Answer : generate answer tone for handshake 
Orignate : do not wait answer tone for hansshake 
* Default value. 


Mode of operation see above 

Normal mode 

Analog loop back 

PSTN (carrier detect -43/-48dBm) 
Leased line (carrier detect -33/-38dBm) 


Answer mode (see Note) 
Originate mode (see Note) 


Automode 
Bell 103 
Bell 212A 


Value 


on 
oOo 


V.33 
V.21 Channel 2 
Reserved 


No transmit equalizer 

Transmit equalizer #1 He of M1020) 
Transmit equalizer #2 (1/2 of M1040) 
Reserved 


QAM/DPSK only (Automode) 
FSK allowed (Automode) 


Treillis coding not allowed (V.32 only) 
Treillis coding allowed (V.32bis, V.32) 


300bps allowed(V.21, Bell 103) 
Reserved (must be set to 0) 
1200bps allowed (V.22, V.22bis, V.23, Bell 212A) 
2400bps allowed (V.22bis, V.27) 

4800bps allowed (V.32bis, V.32, V.29, V.27) 
7200bps allowed (V.32bis, V.29, V.17) 


9600bps allowed (V.32bis, V.32, V.29) 
12000bps allowed (V.32 bis, V.33, V.17) 
14400bps allowed (V.32bis, V.33, V.17) 
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Ill.1 - Modem Set-up 


We suggest the following flow chart (Figure 1) to 

illustrate the set up phase before making a hand- 

shake initialization. This flow chart explains the 

algorithm of the dp_set_modulation_type function() 

introduced on chapter Il. This function uses two 

arguments (Mode_type, fallback) and set a flag 

(b_flag_half_duplex) : 

- Mode_type : contains the wanted mode when not 
in automode. 

- Fallback : 1 for automode, 0 for fixed mode. 

- b_flag_half_duplex : 1 when half_duplex mode 
will be used, 0 for full_duplex mode. 


Remark : At the end of the set up phase the 
dp_set_modulation_type() function only did the in- 
itialization of CONF’s parameters and MODC's pa- 
rameter without sending the command and the 
parameters to the data pump. 


111.2 - FAX Set-up 


In FAX mode the automode does not exist since we 
only use the V.21 ch2 in phase B, D and E of the 
T.30 protocol, and in phase C of the T.30 protocol 
the application will used the high speed modulation 
negociated in B phase (V.17, V.29 or V.27). 


Figure 1 


The possible configurations are : 


IV - SECOND STEP : HANDSHAKE 
IV.1 - Modem Mode 


First we must proceed to the initialization of the 

handshake to : 

- send the CONF command with its parameters, 

- send the MODC command with its parameters 
(optional), 

- send the bulk command with its parameters in 
case of automode or V.32bis, V.32, 

- enable /T7 which is the bulk interrupt using the 
itmask register of the data pump, 


Select modem mode : CONF_OPER = 1111 
Do not select any mode for now : 


clear CONF parameter byte 2 


Do not select any speed for now : 
clear CONF parameter byte 3 and byte 4 


Select automode : CONF_MODE =0 


Switch (mode_type) 


All speeds and mode allowed : 
CONF_QAM = 1 

CONF_TCM = 1 

CONF_SPO = 0b111101 break 
CONF_SP1 = 0b111 : 


case V33_144_tcm: 
CONF_MODE = 0xC, CONF_SP1 = 0b100 
CONF_TCM = 1, b_flag_half_duplex = 1 


case BELL_103: 
CONF_MODE = 0x1, CONF_SPO = 0b000001 
break 
End of switch 


Select handshake on quality : 
MODC_NOQA = 0 
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- send the DSIT command with its parameters to 
select the status change which will generate IT4 
(status interrupt, optional), 

- Start the handshake using HSK or SYNC com- 
mand (except for FSK full duplex), 

- set some flag and variable for the software allow- 
ing the handshake monitoring (state variable of 
the state machine for handshake monitoring, ...). 


We will make reference to the software function 
implemented in the SATURN application. 


The following flow chart (Figure 2) illustres the 

algorithm of the dp_init_handshake() function intro- 

duced in chapter II. Dp_init_handshake() uses 

b_flag_half_duplex set by dp_set_mudula- 

tion_type(). 

The flag and variable set by dp_init_handshake() 

are: 

- b_flag_hsh_started which will be used by 
dp_monitor_handshake(), 

- automod_handshake_phase which will be used 
by dp_analizer() when monitoring repeatedly the 
status given by the data pump. 


The next step is to make a monitoring of the hand- 
shake. This step is quite complicated since the 
handshake could be in automode (answer or origi- 
nate ) or in fixed mode. The monitoring is doing by 
the dp_monitor_handshake() function which must 
be called repeatedly by the main loop. Dp_moni- 
tor_hanshake() will return a result. Dp_moni- 
tor_handshake() uses direct status given by the 
data pump and the value of the state variable of a 
state machine implemanted in the dp_analizer() 
function to. This state machine using status given 
by the data pump. 


The possible values for automode_hsk_phase vari- 
able are: 

- HANDSHAKE_FINISHED 

- HANDSHAKE_FAILED 


The data pump status used are bitO and bit1of the 
STATUS[7] byte . The 2 bits are grouped to make 
the b_sta_h variable which can have the values 0, 
1 or 2. 

Dp_monitor_handshake() will use the 
b_flag_hsk_started flag set by dp_init_hand- 
shake(). 
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Figure 2 


Send CONF and MODC commands 


V.32bis, V.BO\Yes 


Send BULK command 


Enable IT1 : itmask = 0x82 
Send DSIT command 


6 flag_half_duplex. Yes 
&& answer 


mode SYNC's parameter = 1 
Send SYNC command 


Send HSHK command 
b_flag_hshk_started = 1 


oe 
Yes 


If originate 
auto_mode_hsk_phase = 
start_automode_originate 

else 
auto_mode_hsk_phase = 

start_automode_answer 
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We propose the flow chart (Figure 3) of dp_moni- 
tor_handshake’s algorithm as an example. 


The monitoring of the handshake uses a state 
machine architecture placed in the dp_analyzer() 
function. The user could choose another architec- 
ture. To help the engineer to choose the architec- 
ture which will be the best in its software application 
we provide one flow chart for the automode algo- 
rithm in originate mode and one flow chart for the 
automode algorithm in answer mode. 


A handshake progression counter contains infor- 
mation about the progress of the handshake in 
V.32bis, V.32 and V.22bis modes. This 8 bit value 
is available in STAOP2 (optional status byte 2 of 
the Dual Port RAM). It can be read to examine the 
progression of the handshake and it contains nor- 
mal and error values as show on the following 
tables : 


Table 3 : V.22bis Originate Mode 


Table 4 : V.22bis Answer Mode 


Figure 3 


Switch (b_sta_h) 

case 0: if b_flag_hsk_started 
result = HA_in_progress 
else 
result = HA_finish_ok 

break 


case 1 : b_flag_hsk_started = 0 


result = HA_in_progress 
break 
case 2 


: /* time out */ 

result = HA_clear_down 
break 

End switch 


Table 5 : V.32bis Originate Mode 


SHSK 
EVENT Normal Value SHSK Error Value 


aebet [ogo | 
ae onl | eee 


Ox9, oo no R5 det 


DET 


Table 6 : V.32bis Answer Mode 


[DaTAMODE| oso | 


Automode 


Automode = 0 
Result = HA_finish_ok 
Automode = 0 
Result = HA_clear_down 


failed 


Result = 
HA_in_progress 
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The above informations are preceded by the follow- 
ing information (always given in STAOQP2) in auto- 
mode mode. 


Table 7 : Automode Originate Mode 


SHSK Value 


Table 8 : Automode Answer Mode 


The _curmod variable gives the final negociated 
mode for Automode applications (especially useful 
for FSK) or data mode configuration. This variable 
is inside the ST75C502. We suggest to use the 
STAOP7 (optional status 1 in the Dual Port Ram 
interface) during the handshake progression to 
monitor _curmod to avoid to use the MR (Memory 
Read) command. It will be easier for the modem 
driver to only read the STAOP7 byte instead to send 
a MA command and then to read the answer. 


The Table 9 gives the description of _curmod is. 


Table 9 


D7 (ITU_T) 


et 


o-|Oo4 


D6 (QAMMD) 


Figure 4 : Automode Originate 


CONF 4F 00 F7 07| Automode, all speed, FSK 
HSHK 


V.22bis ? 


STAOP2 = 6025 (a 


Ne Unscrambled ones ? 


STAOP2 = 61 


No 


_curmod in STAOP1 


DOSR 01 11 00 


STAOP1 = 
_STAV54E 


DOSR 01 A101 
Yes V.32 or V.22 
Y QAM or B212A 


Yes 


No Check V.21 
with lowmd bit 


No 


Yes 


DOSR 01 A1 01 DOSR 01 A1 01 


STAOP!1 =_STAV54E 


Description 


ITUT FSK modes 

Bell FSK modes 

QAM V.32bis, V.32, V.22bis, V.22, B212A, V.17, V.33, V.29, V.27 
V.21, V.23, B103 FSK modes 


Treillis mode (V.17, V.33, V.32(bis)) 
po enMn) L ed Non treillis mode 


D4 (FDUMD) 
D3 (LOWMD) 


D2 (ECCMD) 
| 
DO (ANSMD) 


Not used 


1 Answer mode 
0 Originate mode 


1 
0 
1 
0 
1 
0 
a a 
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Full duplex mode such as V.32(bis), V.22(bis), B212A, V.21, V.23, B103 
Half duplex modes (fax) V.21 ch2, V.17, V.29, V.27, V.33 


V.27 or V.32 or V.22 or V.21 or B103 
V.29 or V.32bis or V.22bis or V.23 
Echo canceller mode V.32bis, V.32 
No echo canceller mode (others) 
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Figure 5 : Automode Originate 


2100Hz ? 
= Guc> 
Klo (Bell) 
MW A7 1E 40 31 
MW A9 1E 50 2D 


Start 1.5s timer 


STAOP2 > 62 >~25 (B | 


¢ Scambled ones 
© detected 


Yes 


4s 
delay 


MW C2 1F 02 00 


Yes 


BELL 103 


1270Hz detected 


CONF OF 01 05 00| BELL 103 
MODC 0 10 


STAOP2 2 40 a 
Ye 


Ss 
BELL 103 


Yes 


Start 800ms timer 


V 32 HSK 
detects AA 


STAOP2 2 4025 


V21? 
CONF OF 03 05 00 


Yes 
V 32 late HSK 
success 


Speed in STAOPO 


MODC010 =| Noans 


‘S77 


Figure 6 : Automode Answer 


CONF OF 00 F5 07 


HSHK 


V.32 or V 22 


Yes 
is V22 


STAOP2 = 80>2S 


No 


STAOP1 = 
-STAV54E 


DOSR 01 Ai 01 


Yes 


V 32 or V.22 
or B212A 
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STAOP1 = TONEDET1 


MW 06 10 0C 00 ne amass 
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Figure 9 : Automode Answer 
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V 21 Connection 


At the end of the handshake the MCU software place 
the modem board in data mode and normaly send 
a connect result to the terminal. Using the above 
information and the bit 4..1 of the STAOPO byte 
(optional status O in the Dual Port RAM) the MCU 
software will have all the information to send the 
good information to the terminal. The STAOPO infor- 
mation is only available for QAM or TCM modulation 
and provides the speed which is negotiated. 


Table 10 : STAOPO bit 4..1 


Value of bit 4..1 
7 
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IV.2 - Fax Mode 


To send a carrier the only thing to do is to send the 
HSHK command. The user must set to the good 
value the MODC’'s parameter in case of V.17 to 
select the long train sequence in phase B and the 
short train sequence in C phase of the T.30 protocol. 


The following table summarizes the parameters for 
the MODC command in all the case for the V.17, 
V.29 and V.27 modulations when the equipment is 
the sending unit : 


2 MODC’s 


Long train sequence with echo protection | Ox00 0x08 
Long train sequence without echo pro- 0x00 0x00 


tection 
Short train sequence with echo protection | Ox40 0x08 
Short train sequence without echo pro- 0x40 0x00 
tection 

To received a carrier the only thing to do is to send 

the SYNC 1 command. The user must set to the 

good value MODC’s parameters in case of V.17 to 


select the long train sequence in phase B and the 
short train sequence in C phase. 


The following table summarizes the parameters for 
the MODC command in all the case for the V.17, 
V.29 and V.27 modulations when the equipment is 
the receiving unit: 


Ba MODC’s 
0x00 0x00 
Short train sequence 0x40 0x00 


V - THIRD STEP : COMMUNICATION 
MONITORING 
V.1 - Modem Mode 


While in data mode the MCU must monitoring the 
status given by the ST75C502 which indicate that 
a valid carrier is detected and that valid data are 
received. In all the mode execpt V.32 and V.32bis 
mode the status is given by the STA_109 bit of the 
STATUS[O] byte in the Dual Port RAM interface 
(see above). 


For the V.32 and V.32bis modulation two variables 
(PWREST and RDQUA) must be checked by the 
MCU. 
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PWREST : PWREST is the residual echo power 
estimate calculated by the DSP. This number is 
actually a correlation between the residual echo 
and the echo estimate. In the case of a normal 
connection with or without noise at any speed, the 
absolute value of PWREST should be near O. If 
there is a local disconnect (local cable disconnect), 
this number’s absolute value (PWREST could be 
negative or positive) should be greater than 0x20. 
The address of PWREST is 1B AD. 


RDQUA : We suggest detection of remote modem 
hang_up by monitoring the variable RDQUA, 
equalizer error energy. RDQUA also gives an idea 
of signal to noise ration by the receiver. The ad- 
dress of RDQUA is 12 A7. 


RDQUA has the following typical values in hexa- 
decimal : 


Value 
0x0080 
0x0100 
0x0200 
0x0400 


ox1000 


RDQUA may not be greater than 0x4000 for local 
cable disconnect as the local receiver may try to 
lock on to the large local transmit echo caused by 
impedance mismatching when the connection is 
brocken. Due to this, the quality may be quite good. 


In conclusion, if both local cable disconnect and 
remote hang_ups are to be detected, both RDQUA 
and PWREST should be monitored by the MCU. 


Figure 10 


How to supervise the RDQUA and the PWREST 
value ? 


As in data mode the STAOPO and STAOP2 bytes 
in the dual port RAM are not used we suggest to 
used the DOSR command to request to the 
ST75C502 to put the LSB of PWREST in STAOPO 
and the MSB of RDQUA in STAOP2. It will be 
easier for the MCU to read STAOPO and STAOP2 
instead to send twice the IMR (Memory Read) com- 
mand and to read each time the value given by the 
DSP in the COMREP0O and COMREP7 of the Dual 
Port RAM interface. 


The following flow chart (Figure 10) explain how to 
use the DOSR command. 


The monitoring of the carrier detection (hang_up 
detection) is made by the Dp_carrier_detect() func- 
tion in SATURN. 


Dp_carrier_detect() is called by the main loop and 
return True if the carrier is detected and false if the 
carrier is not detected. 


In case of no echo_cancellation mode the Dp_car- 
rier_detect() function return the value of ths 
STA_109bit of the STATUS[0] byte in the Dual Port 
RAM interface. 


In case of echo_cancellation mode (V.32 and 
V.32bis mode) Dp_carrier_detect() reads STAOTO 
and STAOPT2 than counts the number of time the 
STAOPTOs value or STAOPT2s value is higher 
than a threshold. If STAOPTOs value or 
STAOPT2s value is five times higher than a thresh- 
old Dp_carrier_detect() return false. The 
PWRESTs threshold PWREST_MAX is equal to 
Ox2A, and the RDQUA’s threshold RDQUA_MAX 
is equal to 0x40. 


DOSR's parameter 1 = 0x00 /* select STAOPTO */ 
DOSR's parameter 2 = OxAD /* PWREST low address */ 
DOSR's parameter 3 = OxOB && OxOF /* PWREST high address and get LSB */ 


Send DOSR command 


DOSR's parameter 1 = 0x02 /* select STAOPT2 */ 

DOSR's parameter 2 = 0xA7 /* RDQUA low address */ 

DOSR's parameter 3 = (0x12 && Ox0F) | 0x80 /* RDQUA high address and get MSB */ 
Send DOSR command 


Ky repeal anatiiza tts 
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Figure 11 


wes Return false 


flag_carrier_ 
lost 


No 
No Read STAOP[0] 
Return sta_109 value 
Yes 


pwrest = STAOPTO 
rdqua = STAOPT2 


abs(pwrest) 
PWRET_MA 


pwrest_count + = 1 pwrest_count = 0 


We suggest the flow chart of these function as 


example (Figure 11). 
Note: flag_carrier_lost is set to fasle at the beginning of the data 
mode (just at the end of the handshake). 


The application software could also monitor the 
Quality Status provide by the ST75C502. 


The quality byte STAQUA (address Ox0B in the 
Dual Port RAM interface) monitors an evaluation of 
the line quality. It is updated once per baud and its 
value ranges is from 127 (perfect quality) to O 
(terrible quality). The value is automatically ad- 
justed according to the current receiving mode (not 
valid in FSK modes). Refer to the Figure 12 to 
convert the value into its bit error rate equivalence. 


Return false 
flag_carrier_lost = true 


V.2 - Fax Mode 


In fax mode the monitoring is simpler. The carrier 
detect information is provide for all the modes by 
the STA_109 bit in STAOPO byte. 


The software could monitor the quality reading the 
STAQUA byte as in modem mode. 


VI - SPECIAL FUNCTIONS FOR FAX 
COMMUNICATIONS 


A fax application needs some function as V.21 ch2 
flag detection, stop to send or to receive carrier, ... 
In SATURN the following software function group 
these needs : Dp_set_idle(), Dp_set_v21_fax(), 


Figure 12 Dp_detect_v21_fax(), dp_detect_v21_in_high_ 
1£ 7 speed_fax(). We are going to describe in this chap- 
a ter the algoritms of all these function. Refer to the 
1E definition of these functions given in chapter Il. 
1E~ 
oc 1E> VI.1 - Stop Transmit or Receive 
ee | ae The STOP command must be used to stop the 
1E” carrier transmission, and the SYNC command with 
its parameter equal to O must be used to stop carrier 
1E° , reception. This is done by dp_set_idle() function. 
iE = Stop transmit : send STOP. 
2 Stop reception : send SYNC 0. 
12/15 
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VI.2 - Flag Detection when the Data Pump is Set-up for High Speed Reception 


The application must be able to detect V.21 ch2 flag when the data pump is set up to received in high speed 
mode (V.27, V.29, V.17). As no particular function is available in the ST75C502 for that purpose the user 
has to use 2 tone detectors : tone detector cell number 0 and 1 are the only available tone cells in that case. 
The status given by these tone detectors will be in TONEDTO byte on bit 0 and 1. In data fax mode the 


STAOP1 byte is available. That's why we suggest to the user to monitor TONEDTO byte via STAOP7 byte 
using DOSR command. 


The final sequence for the application will be : 

- Send the CONF command to select V.17, V.29 or V.27, 

- Send SYNC 71 command, 

- Set up the cells 0 and 1 of the tone detector, 

- Use DOSR command for monitoring the TONEDTO status. 


Each time the application will need to know if the far end FAX equipment send a V.21 ch2 flag sequence 
(preamble), the MCU will have to read the STAOP7 byte and test if bitO and 1 are equal to 1. This is done 
in SATURN application by the dp_detect_v21_in_high_speed_fax() function. 


Here after we provide the information to set up the tone detector cell 0 and 1. 
The user has first to set up this tone detector as shows below : 


/* select the reference level at - 40dBm */ 

TDWC’s parameter 1 = 0x00; /* tone detector cell number */ 
TDWC’s parameter 2 = 0x20; /* select static level */ 

TDWC’s parameter 3 = 0x70; /* Low byte of the coefficient */ 
TDWC’s parameter 4 = 0x00; /* High byte of the coefficient */ 
send TDWC command 


/* Load the coefficients of the two biquad to detect 1650Hz using the TDWC command */ 


Each tone cell needs 12 coefficients given in the following table the cells 0 and 1. The coefficients are 16 
bits size. The table contains 24 bytes for each cell. The table starts with the MSB of the first coefficient, then 
the LSB of the first coefficient, then the MSB of the second coefficient, then the LSB of the second coefficient, 


wise | 1se | mse | LSB | MSB | 158 | MSB | LSB | MSB | 188 | WSB | LSB” 


/* Programme biquad and energy input for cell number 0 */ 
TDWW’s parameter 1 =0 ; /* cell number 0 */ 

TDWW’s parameter 2 = 0; /* biquad energy input */ 
TDWW’s parameter 3 = 0x11; /* energy estimator input */ 
TDWW’s parameter 4 = 0x02; /* biquad filter signal input */ 
send TDWW command 


/* Programme biquad and energy input for cell number 7 */ 
TDWW’s parameter 1 = 1; /* cell number 1 */ 

TDWW’s parameter 2 = 0; /* biquad energy input */ 
TDWW’s parameter 3 = 0x01; /* energy estimator input */ 
TDWW’s parameter 4 = 0x10; /* biquad filter signal input */ 
send TDWW command 
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/* Programme comparator inputs cell number 0 */ 

TDWW’s parameter 1 =0; /* cell number O */ 

TDWW’s parameter 2 = 1; /* comparator input */ 

TDWW’s parameter 3 = 0x30; /* negative comparator signal input */ 
TDWW’s parameter 4 = 0x20; /* positive comparator signal input */ 
send TDWW command 


/* Programme comparator inputs cell number 1 */ 

TDWW’s parameter 1 = 1 ; /* cell number 1 */ 

TDWW’s parameter 2 = 1 ; /* comparator input */ 

TDWW’s parameter 3 = 0x21; /* negative comparator signal input */ 
TDWW’s parameter 4 = 0x20; /* positive comparator signal input */ 
send TDWW command 


/* clear the tone detector cell 0 */ 
TDZ’s parameter = 0 ; /* cell number 0 */ 
send TDZ command 


/* clear the tone detector cell 1 */ 
TDZ’s parameter = 1 ; /* cell number 1 */ 
send TDZ command 


Here after we provide the parameters for the DOSR command to monitor TONEDTO in STAOP7 byte : 
DOSR’s parameter 1 = 0x01 ; 
DOSR’s parameter 2 = 0x07 ; 
DOSR’s parameter 3 = 0x00 ; 
DOSR’s parameter 4 = 0x00 ; 
send DOSR command 
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Figure 13 


Initialization of the RTRA's parameter 
RTRA_NEGO = 0 /* retrain */ 
RTRA_14400 = 1 /* 14400 bps allowed */ 


RTRA_12000 = 1 /* 12000 bps allowed */ 
RTRA_9600 = 1 /* 9600 bps allowed */ 
RTRA_7200 = 1 /* 7200 bps allowed */ 
RTRA_4800 = 1 /* 4800 bps allowed */ 


RTRA_2400 = 0 /* 2400 bps not allowed */ 
RTRA_1200 = 0 /* 1200 bps not allowed */ 
RTRA_NEG1 = 1 /* treillis coding allowed */ 
Send RTRA command 


VI.3 - Flag Detection when the Application is 
Calling a Far End Fax Equipment 


The equipment which is the calling unit must be 
able to detect V.21 ch2 modulation while sending 
the CNG tone (ITU_T 1100Hz tone). In this case the 
ST75C502 will be set up in tone mode and will 
provide on bit 2 of the STAOP7 byte (in the Dual 
Port RAM interface) a status which indicates if a 
frequency of 1650Hz greater than -45dBm id de- 
tected. 


The MCU has only to read the STAOP7 byte and 
to test the bit 2 value. In SATURN application this 
done by the dp_detect_v21_fax() function. 


Vil - RETRAIN AND RATE RENEGOTIATION 


The ST75C502 allows the application to initialize 
and to detect retrain or rate renegotion. 


The Figure 13 explain how to initialize a retrain in 
V.32bis. The principle is the same in V.32 and 
V.22bis. 


The Figure 14 explain how to initialize a rate rene- 
gotiation in V.32bis 14400. The principle is the 
same in V.32 and V.22bis. 


After the retrain or rate renegotiation initialization, 
the monitoring must be done by testing the bits 
STA_H and STA_TIM of the STATUS[1] byte. 


STA_H = Transmit synchronisation in 
progress. Valid only in 


modem mode. 
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Figure 14 


Initialization of the RTRA's parameter 
RTRA_NEGO = 1 /* rate negotiation */ 
RTRA_14400 = 1 /* 14400 bps allowed */ 


RTRA_12000 = 1 /* 12000 bps allowed */ 
RTRA_9600 = 1 /* 9600 bps allowed */ 
RTRA_7200 = 1 /* 7200 bps allowed */ 
RTRA_4800 = 1 /* 4800 bps allowed */ 


RTRA_2400 = 0 /* 2400 bps not allowed */ 
RTRA_1200 = 0 /* 1200 bps not allowed */ 
RTRA_NEG1 = 1 /* treillis coding allowed */ 
Send RTRA command 


STA_TIM = Handshake timeout. Valid 

only in data modem mode. 
STA_TIM, STA_H 0 Synchronisation Completed 
1 Synchronisation in Progress 


2 Synchronisation Time Out 

The speed negociated is given in bit 4..1 of 
STAOPO (see chapter IV.1 of this application for 
information). 

The detection of a remote retrain or rate renegotia- 
tion is done by testing STA_RTRNand STA_RNEG 
bits in STATUS/[1] byte. The following flow chart 
(Figure 15) give the algorithm of the dp_detect_re- 
train() function in SATURN application. 


Figure 15 


TA_RNEG™N Yes 
STA_RTRN 


Remote retrain detected 
or rate negotiation detected 


Remote retrain not detected 
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ST75C5XX : LOW POWER MODE 


| - INTRODUCTION 


This application explains how to use the Low Power 
Mode when using the ST75C5XX component in 
modem and or fax applications. All the user know 
that the power consumption must be reduced while 
in normal mode (transmit and/or receive) but also 
when the system equipment is not used. That is 
why SGS-THOMSON studies its telecommunica- 
tion components to be used in such a situation. 


Il - MAIN MANAGEMENT 
The main software loop could be as Figure 1. 


While the Microprocessor (CPU) detects an activity 
(connection with a far end equipment, Ring, user 
request for dialing, ...) the application remains in 
Normal Mode. In case where there is no activity the 
CPU set up the ST75C5XX to go in Low Power 
Mode. If the CPU is able to also have such a 
function, the software will set up the CPU to go in 
Low Power Mode to. 


But how to awake the system equipment ? 


We suggest to select the different events : a user 
resquest, a RING signal or a data sent by the terminal 
which could be connected to the telecommunication 
equipment (using a serial link for example). In all the 
cases the awake signals must active an interrupt in 
the CPU. After that the CPU will initialize the applica- 
tion and set up the ST75C5XX using the RESET 
signal (master reset of the component). 


The Figure 2 is a block diagram of such an appli- 


cation. 
User's Interface : 
= 


Figure 2 


Terminal 


Interface : 
Serial Link, ... 
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lll - HOW TO SET-UP IN LOW POWER MODE 
THE ST75C5XX 


It is easy to set up the ST75C5XX in Low Power 
Mode. The only thing to do is to send the SLEEP 
command to the DSP via the Dual port RAM. To do 
that the CPU writes the hexadecimal value 0x03 
(SLEEP command) in the COMSYS byte in the 
Dual Port RAM at address 0. Be carrefull the 
SLEEP command will not be acknowledge by the 
ST/75C5XX. 


Figure 1 


Start Routine 


Initializations 


Send and/or 
Receive Data 


Software Action : 
Dialing, send Atone, 
Ring Validation, ... 


Rx 
Telephone Line 
Interface 
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When the DSP recognizes the SLEEP command it 
will stop the clock (CLKOUT will not be provided 
from the ST75C5XX) and goes in Low Power 
Mode. lt will take less than 1ms to enter the low 
Power Mode. 


In Low Power Mode the Dual Port RAM can not be 
read. Take care that the ST75C5XxX will provide the 
SDTACK signal even if the read is not effective. The 
CPU must not try to write in the Dual Port RAM. 

Note: The ST75C52 does not provide any SDTACK signal while 


in Low Power Mode in others words SDTACK will remain 
high. 


IV - HOW TO AWAKE THE ST75C5XX ? 


Activating the RESET signal will awake the 
ST75C5XX. When waking up the ST75C5XxX proc- 
esses exactly as after a hardware reset as de- 
scribed below : 

- RESET signal low at least a time 77 (which is 
equal to 700ns when using an external oscillator, 
or which is equal to 4ms when using an external 
third harmonic crystal) to have a CLKOUT signal 
stable and valid. CLKOUT is the internal clock 
and is equal to the external clock divided by two. 

- RESET signal high. 


Figure 3 : ST75C5XX Use an External Oscillator 


RESET 


CLKOUT 


T1 > 700ns 


Figure 4 : ST75C5XX Uses a Third Harmonic Crystal 


RESET 


CLKOUT 


T12>4ms 


“________________ > ses-mo 


- The ST75C5XX clears all its internal memories, 
clears the whole Dual Port RAM and starts to 
initialize the delta sigma analog converters. As 
soon as the initializations are completed, the 
ST75C5XX clears the Dual Port RAM address 0, 
generates an /T6 interrupt (command acknow- 
ledge) and is programmed to send and receive 
tones, the bit clock are programmed to 9600Hz. 
The total duration of the reset sequence (reset 
time 72) is equal to 5ms for the ST75C52 and the 
ST75C520 and equals to 500ms for the 
ST75C502. Be carrefull that any command in this 
reset time 72 will be lost. 

- The /T6 interrupt must be cleared using the 
ITREST[6] register : The CPU writes 00 at ad- 
dress 0x46 in the Dual Port RAM interface. 

- After that time the ST75C5XxX is ready to execute 
commands sent by the CPU. 


Note: As the DSP clears all the Dual Port RAM, the interrupts 
which could be sent by the ST75C5XX are masked. That is 
why the CPU must set up the [TMASK register in the Dual 
Port RAM interface (at address_0x4F) to 0xCO to be able to 
receive the /76 interrupt on the SINTRA signal. The set up of 
the JTMASK register must be done when RESET pin ts high 
after the reset time T2. 


The Figures 3 and 4 show the relation between the 
RESET and the CLKOUT signals in both cases : 
extemal oscillator and external third harmonic crystal. 


Extemal oscillator : CLKQUT starts immediately 
without any delay when RESET = 0. 


The minimum values for T2 are : 
- T2 = 5ms for ST75C52, ST75C520 
- T2 = 500ms for ST75C502 


External third harmonic crystal: CLKOUT starts with a delay that 
could be equal to 100us when RESET = 0. T7 must be equal to at 
least 4ms to have CLKOUT stable and valid. 


The minimum values for 72 are: 
- T2 = 5ms for ST75C52, ST75C520 
- T2 = 500ms for ST75C502 
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COMPUTATION OF TONE DETECTOR COEFFICIENTS 
USING TD SOFTWARE FOR ST75C502 


|- Tone Detector Description 


Refer to the ST75C502 Data Sheet for detailed 
description of the tone detectors, Figure 2 


(ST75C502 Data Sheet) for the biquadratic IIR © 


filter, Figure 3 for the power estimator, Figure 4 for 
the tone detector wiring address (first half) and 
Figure 5 for the tone detector wiring address (sec- 
ond half). 


There are 16 programmable tone detector cells 
available. Each cell contains a 4th order IIR 
(biquadratic) filter, energy estimator consisting of 
an absolute value measurement and a 1st order 
low pass filter, 2 input comparator, and a static level. 


Detect information is sent to status word 
TONEDET. The user has the possibility of sending 
commands to the data pump to program the tone 
detectors for almost any desired transfer function. 
For each cell, the command TDWC can be used to 
program the 12 coefficients of the 4th order IIR filter 
(CO to CB), the 1st order low pass filter coefficient, 
and the static level. The command TDWW can be 
used to program the wiring between cells for cas- 
cading and signal routing. One is free to program 
the IIR input, energy estimator input, and compara- 
tor + and - inputs. 


ll - Program TD Description 


The user has the possibility of calculating his proper 
coefficients and determining the corresponding 
TDWC and TDWW commands manually but, the 
program TD was written to facilitate this task. 

The purpose of this chapter is to give the operating 
instructions for using program TD for quick devel- 


opment of the code needed to program the detec- 
tors. 


ill - Compatability and Input/output 


Program TD is written in FORTRAN and is ex- 
ecutable on almost any PC with hard disk using 
MS-DOS. 


Input is from the keyboard and output is on the 
screen. 


AN822/0695 


Also, several useful files are generated by the 

program : 

a) TD.SPC - contains trace of filter specifications given by 
user 

b) TD.RES - shows floating-point frequency response of 
specified filter 

c) TD.CCI - CCl commands needed for the data pump for 
specified filter 


IV - Starting the Program 


To start the program, the user should first create a 
directory and load program TD.EXE into the direc- 
tory. The command TD is now sent while in the 
created directory to start program execution. The 
program will then display ENTER TYPE. The fol- 
lowing paragraph will describe the filter types. 


V - Choosing a Filter Type 


Four possible filter types are available to the user 

with the following characteristics : 

- BUTTERWORTH : This type of filter has a maxi- 
mally flat pass-band with no ripple. It has multiple 
zeroes at half the sampling frequency (3600Hz) 
or D.C. or at the center of the band for band-stop 
configurations. 

- CHEBYCHEV : Equiripple in the pass band and 
flat response in the stop band which is particularly 
useful for band rejection filtering. 

- INVERSE CHEBYCHEV : Ripple-free pass band 
and more efficient than the Butterworth. For the 
same target design template, a lower order filter 
is necessary. Equiripple stop-band charac- 
teristics render this type useful for band-pass, 
low-pass or high-pass filtering. 

- ELLIPTIC : This type of filter is the most efficient 
and can have narrow transition bands. However, 
it is characterized by ripple in the pass and stop 
bands. Once the type is chosen, the program will 
ask for LOPASS, HIPASS, BANDPASS, or BAND 
REJECT filters. 


VI - Choosing a Filter Order 


For all but Elliptic types, the program TD will ask the 
desired order. The user must specify the number of 
cascaded biquads (2nd order sections) desired. 
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Vil - Defining and Optimizing a Target Template 


The corner frequencies for pass band and/or stop 
band are required by the program, and attenuation 
in the pass band and/or stop band for all types 
except Butterworth. These attenuations are in dB 
referenced from the input to the output. The pro- 
gram now calculates the transfer function in the Z 
domain displaying locations of poles and zeroes, 
and the required number of 4th order tone detector 
cells needed. This information is displayed on the 
screen and output to file TD.SPC. For the case of 
an Elliptic type, the order required is calculated from 
the transition band specified by the user, rather 
than specified directly by the user as for the other 
types. The order may be too high for the number of 
cells available or desired. The user may re-specify 
the filter. In general, one or more of the following 
steps may be performed, if the application enables 
it, to decrease the required order of an Elliptic type 
filter : 
- change from band pass or band reject to low pass 
or high pass, 
- increase difference between pass band and stop 
band frequencies, 
- increase the pass band ripple and/or decrease 
the stop band atten. 


Using an iterative process, one can optimize the 
target specification of the filter before continuing to 
the next step. 


Vill - Displaying the Ideal Frequency Response 


The program TD will now calculate the frequency 
response of the specified filter and normalize coef- 
ficients to avoid overflow in the DSP ALU. The 
program now proceeds with the display of the fre- 
quency response on the screen. The user is asked 
by the program TD to specify start, stop, and step 
frequencies to facilitate interest in a particular por- 
tion of the frequency response. Once displayed, the 
program asks if the response is to be re-displayed 
allowing the user to change the frequency ranges. 
The desired frequency response is calculated in 
floating-point while the actual program imple- 
mented in the data pump uses a fixed-point DSP. 
In most cases, there should not be too much differ- 
ence between the two calculation methods if the 
transition bands are not too narrow in the case of 
Elliptic types or the order is not too high for all types. 
At this point, the user has a better idea of the 
transition bands for Butterworth and Chebychev 
designs and also the unity gain loss. The normali- 
zation process may, in some cases to avoid over- 
flow, result in an attenuation in the pass band or 
unity gain loss. Increasing the order of the Butter- 
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worth or Chebychev filters may be necessary for a 
narrower transition band. Widening of the transition 
band may be necessary for diminuing the unity gain 
lossof an Elliptic filter. In any case, the frequency 
response is written to file CP.RES for reference 
after the end of program execution. This can be 
especially useful for reference if several optimiza- 
tion attempts are desired. 


IX - Choosing the Used Celis 


The program TD will now ask for the starting cell 
number (a number from 0 to F). The program will 
write CCI instructions for programming n (n = or- 
der/4) cells starting from the given address. The 
program cascades the biquadratic filters. However, 
only the last comparator and static level are used 
for the detection decision. This means that, even- 
tually, the comparators or static levels for interme- 
diate cells could be programmed for other 
functions. If the user, for example chooses 1 for the 
starting address, and there are 3 cells used, then 
the detection bit for this configuration will be avail- 
able in TONEDET(Q) position 3 (refer to ST75C5x 
Data Sheet). The user should choose a relatively 
low starting address beginning with the first unused 
position, if possible. This is because the execution 
time of the detectors in the non-idle mode may 
necessitate the utilizaton of less than 16 cells 
(NTDCELL .It. 16 refer to ram mapping application 
note). In this case the higher cell numbers are not 
executed. 


X - Selecting the Detection Thresholds 


The detection threshold is now asked for by the 
program to define the minimum detectable input 
signal level at a pass band frequency with OdB unity 
gain loss. The program will remind the user of the 
actual unity gain loss due to normalization and, in 
general, the desired threshold must be lowered by 
the number of dB in the unity gain loss. However, 
threshold levels lower than -50dBm are not reliable 
as the minimum dynamic range of the detectors will 
be surpassed. 


XI - Selecting the Energy Estimator Time Constant 


The energy estimator time constant is now asked 
for by the program and the user will specify the 
value in milliseconds. A typical value of 8 is used for 
the default tone detectors but, if the user designs a 
filter with a particularly large group delay, he should 
also increase this value to avoid undesirable tran- 
sients in the detection decision. Please note that 
group delay calculation is beyond the scope of this 
program and must be calculated by other tech- 
niques from the coefficients in TD.SPC. 


AYg, BEBoberoes 


Xll - Example Listings 


COMPUTATION OF TONE DETECTOR COEFFICIENTS 


The following listings give an example printout of the files TD.SPC, TD.RES, TD.CCI for a Butterworth 8th 
order low pass filter with cut-off frequency of 1000Hz. 


EXAMPLE FOR 8th ORDER BUTTERWORTH 


LPF FC=1000HZ, TH=-40dBM 
TD.SPC 

ENTER TYPE: 1 BUTTERW, 2 CHEBY, 3 ICHEBY, 

1 
ENTER 1 LOPASS, 2 HIPASS, 3 BPASS, 4 BREJ 

1 
ENTER NUMBER OF CASCADED BIQUADS DESIRED 

4 
ENTER BAND EDGE IN UN-NORMALIZED HZ 

1000.000 

Z PLANE 
#, ZEROS (REAL, IMAG), POLES (REAL, 
1 -1.000000 0.000000 0.367029 
2 ~1.000000 0.000000 0.392676 
3 -1.000000 0.000000 0.450892 
4 -1.000000 0.000000 0.559214 
5 1.000000 0.000000 1.000000 


2 4TH ORDER TONE DETECTOR CELLS NEEDED ! 


F(Z) = (Z2*Z + B1Z + B2)/(Z*Z + A1Z + A2) 


1 


2 
3 
4 


2.000000 
2.000000 
2.000000 
2.000000 


1.000000 
1.000000 
1.000000 
1.000000 


-0.734059 
-0.785351 
-0.901784 
-1.118428 


4 ELLIP 


IMAG) 


0.085334 
0.259992 
0.446792 
0.653640 
0.000000 


0.141992 
0.221790 
0.402926 
0.739966 


Gain 


OD REAR EKEKEKEEKEKKEEKEKEEEEKKKKEKKKKKEKKKKKKKKKKKKEK 


LOO , REAR EKKKHKEKEKKEKEKKKHEREREKEEKKEKHEKEKKEKKKKKKKKKKKKKKKEK 
ZOO , HEAR HKREKHHEHEKKEKHEEKEEKKEKREKKKKKKKKKKKKKKKKKKEKKKKEE 
BOO , HERE REKKREREEKEKEREKEREEHKEEEEKEKKKEEEKEEEEERKEEEKKEKKEKE 
ZOO , EEE KKK KEKKKERKEKEKEEKEKRKEKEREKEREKEREEKEKEEKKKEKKEKKEEE 
SOO . AERA EKKEKEKEKEKEKEEKEKEKREREKREREEKKEKEKEKREEKKEKKKEKEKEK 
GOD , REE EKEHERKEKEKEEKEKKEEEKKEKKEEKEKEKEKREKEEKRKEKEKEKEREKE 
TOO . KEKE KEKEKEKREKRKEKEKEREERKEKRKEEKKEEKKEKKKHKKKKKKE 
BOO , KEK RKKKKKEEKEKEKKKEKEKEEKHEKKEKEKKEKEEKKKKKKKKKKEKKKK 
GOO , KERR ARAEKRKKEEKRKEKEKEKKKEKEKEEKEKKEKKKEEEEKEKKEKKKKKKKKKKKKK 

LOOOD , BEER ARKEKEKREKEKEKEEKEEKEKKKKEKEEEEKRKEKKKKKKKKKKKKKEK 


LLOO , REE RARER KKEERKEKKKKKKKKKKKKKKKKKKKKE 


1200, REE REHKREEREKEKEKKKKEKKKKKKKKKKKKKEKE 


1300 . KEE KKEKKKKKKKKKKKKKKK 


L400 KERR EKRR REAR E KKK 


L500 . KEE KARR KEKKE 


1600. Ree RRR 


1700.*** 


1800. 
1900. 
2000. 
2100. 
2200. 
2300. 
2400. 
2500. 
2600. 
2700. 
2800. 
2900. 
3000. 
3100. 


(dB): 


ooooo0cooo0o0ceo 
e 


e 
onrRooooco0ocse 
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COMPUTATION OF TONE DETECTOR COEFFICIENTS 


XIl - Example Listings (continued) 


TD.CCI 


; 4TH ORDER BIQUAD CELL 9 COEFS 


CCI TDWC 9 0 1B 1A 
CCI TDWC 91 FA 2E 
CCI TDWC 9 2 EA F6 
CCI TDWC 9 3 00 40 
CCI TDWC 9 4 00 20 
CCL ToWwc 9 5 00 40 
CCI TDWC 9 6 EE 1B 
CCI TDWC 9 7 43 32 
CCI TDWC 9 8 CF Fi 
CCI TDWC 9 9 00 40 
CCI TDWC 9 A 00 20 
CCI TDWC 9 B OO 40 
; 4TH ORDER BIQUAD CELL A COEFS 
CCI TDWC A O 12 20 
CCI TDWC Al B6 39 
CCI TDWC A 2 37 E6 
CCI TDWC A 3 00 40 
CCI TDWC A 4 00 20 
CCI TDWC A 5 00 40 
CCI TDWC A 6 9E 23 
CCI TDWC A 7 94 47 
CCI TDWC A 8 A5 DO 
CCI TDWC A 9 78 47 
CCI TDWC A A BC 23 
CCI TDWC A B 78 47 


3; POWER ESTIMATOR AND BIQUAD INPUTS 
CCI TDWW 9 0 19 02 

CCI TDWW A O 1A 19 

7 COMPARATOR - AND + INPUTS 

CCI TDWW A 1 3A 2A 


3 DETECTION THRESHOLD AT -40.00 DB 
CCI TDWC A 20 70 00 
7 ENERGY TIME CONSTANT IS 8.00 MS 


CCI TDWC A 10 E3 08 
7; CLEAR INTERNAL VARIABLES OF ALL USED CELLS 


CCI TDZ 9 
CCI TDZ A 
4/4 
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FAX MODEM 


303 


SGS-THOMSON 
MICROELECTRONICS ST75C52 


Lyf, 


HIGH SPEED FAX MODEM DATA PUMP 


= |TU-T V.17, V.29, V.27ter, V.21 WITH FAX DESCRIPTION 
SUPPORT The SGS-THOMSON Microelectronics ST75C52 


chip is a highly integrated modem engine, which 
a ITU-T V.23, V.21, BELL 103 can operate with all currently used FAX group Ill 
standards up to 14400bps. Full V.21, V.23 and Bell 
103 full duplex modem standards are imple- 
mented. 


# V.17, V.29 (T104), V.27ter SHORT TRAINS 
# V.33 HALF-DUPLEX 
= 1800Hz OR 1700Hz CARRIER 


# SINGLE CHIP COMPLETE DATA PUMP 


SINGLE 5V POWER SUPPLY : 


- TYPICAL ACTIVE POWER CONSUMPTION : 
500mW 


- LOW POWER MODE (typ. 5mW) 


EXTENDED MODES OF OPERATIONS : 

- FULL IMPLEMENTATION OF THE V.17, 
V.33, V.29 AND V.27ter HANDSHAKES 

- AUTODIAL AND AUTOANSWER CAPABIL- 
ITY 

- PROGRAMMABLE TONE DETECTION AND 
FSK V.21 FLAG PATTERN DETECTION 
DURING HIGH SPEED RECEPTION 

- PROGRAMMABLE CALL PROGRESS AND 
CALL WAITING TONE DETECTORS IN- 
CLUDING DTMF 


PQFP64 
- PROGRAMMABLE CLASS™ DETECTION (Plastic Quad Flat Pack) 
CAPABILITY 
- WIDE DYNAMIC RANGE (>48dB) ORDER CODE : ST75C52 POFP 


- A-LAW VOICE PCM MODE 


=» VERSATILE INTERFACES : 
- PARALLEL 64 x 8-BIT DUAL PORT RAM 
- SYNCHRONOUS/HDLC PARALLEL DATA 
HANDLING 
- HDLC FRAMING SUPPORT 
- V.24 INTERFACE 


~ FULL OPERATING STATUS REAL TIME 
MONITORING 


- FULL DIAGNOSTIC CAPABILITY 


- DUAL 8-BIT DAC FOR CONSTELLATION 
DISPLAY 
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|- PIN DESCRIPTION 
1.1 - Pin Connections 


AGNDT 
Vom 
AVpp 
RXA2 
RXA1 
AGNDR 


VREFP 


VREFN 
EXTAL 
XTAL 
CLKOUT 
HALT 
RESET 
SCOUT 
BOS 


EOS 


LT 
[| 
L 
[| 
| 
Lf 
( 
L 
Rae 
f 

Ess] 
C 
[ 
a 
Le 
= 


34 35 36 37 38 39 


SINTR 
INT/MOT 


1.2 - Host Interface 


The exchanges with the control processor proceed through a 64 Bytes DUAL port RAM shared between 
the ST75C52 and the Host. The signals associated with this interface are : 


[PinName [Type] —SSsS™~=~C~“S~S*~“~S~*~ripttom 
SDO0..SD7 /O System Data Bus. 8-bit data bus used for asynchronous exchanges between the ST75C52 
and the Host through the dual port RAM. High impedance when exchanges are not active. 
SAO..SA6 i System Address Bus. 7-bit address bus for dual port RAM. 


SDS (SRD) System Data Strobe. Active low. Synchronizes all the exchanges. In Motorola mode 
initiates the exchange, active low. In Intel mode initiates a read exchange, active low. 


SR/W (SWR) eal System Read/Write. In Motorola mode defines the type of exchange read/write. In Intel 


mode initiates a write exchange, active low. 


System Chip Select. Active low. 
System Bus Data Acknowledge. Active low. Open drain. 


System Interrupt Request. Active low. This signal is asserted by the ST75C52 and negated 


by the host. Open drain. 


RESET Reset. Active low. 


RING is 2 Ring Detect Signal : awake ST75C52 from its sleep mode, active low. 
INT/MOT fee. 4 Select Intel/Motorola Interface. 
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1.3 - Analog Interface 


at ee 
TXA1 | © | Transmit Analog Output 1 


TXA2 Transmit Analog Output 2. Outputs TXA1 and TXA2 provide analog signals with maximum peak to peak 
amplitude 2 x Vrer, and must be followed by an external continous-time two pole smoothing filter (where 
Vrer = Vrerp - VRern). 


RXA1 ites Receive Analog Input 1 


RXA2 Receive Analog Input 2. The analog differential input peak to peak signal must be less than 2 x Vrer. 
It must be preceded by an external continous-time single pole anti-aliasing filter. This filter must be as 
close as possible to the RXA1 and RXA2 Pins (where Vrer = Vrerp - VREFN). 


Analog Common Voltage (nominal +2.5V). This input must be decoupled with respect to AGND. 
| Vacrn | | | Analog Negative Reference (nominal Vom - 1.25V). This input must be decoupled with respect to Vow. 


| Vrerp | | | Analog Positive Reference (nominal Vcom+1.25V). This input must be decoupled with respect to Vow. 


1.4 - V.24 Interface 


Request to Send. Active low. 
Data Bit Clock. Falling edge coincides with DATA change 
Clear to Send. Active low 


"PinName | Type | ——~SSCSC~CS~SCS«éserption—SSSSSCSC—“~S~S 
ee 
oO _| , , 
Oo 

RR RTS ERT 
ae 
Eos | 


Transmit Data sampled with rising edge of CLK 
Carrier Detect. Active low. 


[PinName | Type [SSCS ption—SSCSCS—~—~S~S 
"0 | intemal Oscilator Oulput Leftopenifnotused. ——=SSC~“~*~“~*~“‘~*S*S*S*S~<~S~S~*S 
1 [intemal Oscilator input, or External Clock ——SSSCSCSC~S~—~—S—“—~—S~—~—~S*~CS~S 
PEVEX | O| Constellation X analog coordinate —=SC~=“~*‘“*~*~“‘“~*S*S*C*‘“‘“~<“<CSCS 
eed 
pa 


Constellation Y analog coordinate 
To be left open 
To be left open 


Note : The nominal external clock frequency of the ST75C52 is 29.4912MHz with a precision better than + 5.10° 


1.6 - Boundary Scan Interface 

A set of 13 signals are dedicated for Testing the ST75C52 Component. These signals can be used in a 
development phase, associated with the SGS-THOMSON ST18932 Boundary Scan Development Tools, 
to Debug the application Hardware and Software. If not used all input signals must be grounded and all 
output signals left open. 


| PinName | Type | Cescription 


son | 1 |ScanDataingut——SSSSS—SCSC“‘“SSSCSCSCSCSCSC“CSS 
idl eenibedeten sae eee ee 
0 [ScanData Oust ——sC—“—*~—“—“—s—SSs—“‘“S~“Ss~“—Ss“‘“‘<‘“—s~sSs~‘“s~s~CSCSsStS 
1 [Begin of Scan Control ~——SO=C=“‘SCSC*C*~*~*~“‘CNSNNCON#NSCSC“‘(SSNSNCNCNSCSN 
Ta JendotsanSOSC~“~“S*S*~“‘SCS*S*S~—“S“s“‘“SsSsS 
[1 [Mode Control ——OSC—C—C“‘“‘“SCSC“‘SCSSCSSSCSSS 
[1 | stop S175¢52 Execulion —=S=~C~=“‘“*S*SC“‘“SCSCSCSCSC“‘“‘“‘S*SSSCS 
[0 | Muticycie instuction. ——SOSCSC~“~“~*~“s*S*SSCSC“~“S*“‘“‘“‘SsSCt‘*‘“<~SCSCStS*S 
[0 | Readyto ScanFlag _—S~—~—“~S“SCSCSCSCSCSCSSSS 
[1 | Enable Boundary Soan. Active low (must be set low in nommalmode). SSS 


Internal ST75C52 Clock (XTAL frequency divided by 2) 
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I.7 - Power Supply 


Digital +5V (Pin 9, 25, 41). To be connected to AVpp (see below). 

Digital Ground (Pin 8, 24, 40). To be connected to AGNDT and AGNDR (see below) 
Analog +5V (Pin 62). To be connected to Vpn (see below). 

Analog Transmit Ground (Pin 64). To be connected to GND (see below) 
Analog Receive Ground (Pin 59). To be connected to GND (see below). 


AGNDT and AGNDR must be connected together as close as possible to the chip. 
GND and AGNDR board plans should be separated, then connected together as close as possible to the 


chip, at a single point. Similarly Vpp and AVpp must ne connected as close as possible to the chip, at a 
single point. 


Il - BLOCK DIAGRAMS 
ll.1 - Functional Block Diagram 


ST75C52 


0.71 SZ UAL RAM 


D 
INTERFACE 
HDLC V.17, V.29, V 27 a RX a: 
RX FAX RECEIVER | ANALOG 
8 


3 


TONE 
HANDSHAKE AND DETECTOR 
STATUS REPORT 
ry! V 21 FLAG 
DETECTOR 
V.24 RING 
INTERFACE DETECTOR 
ne 


1 
Is |E 
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ll.2 - Hardware Block Diagram 


ST75C52 
XTAL 
EXTAL Hy 
Peabo i SEN DSP CORE 


EBS 


DPLL AND CONTROL 


BREE 


lil - ELECTRICAL SPECIFICATIONS 


Unless otherwise noted, electrical characteristics are specified over the operating range. Typical value are 
given for Vop = +5V and tamb = 25°C. 


lil.1 - Maximum Ratings (referenced to GND) 


[Symbol [—SS~S~S~S arate —SSCSC~“~“~*~*~“~tSCS*~« Sd: 
mA 
[fo | Digital Output Curent 20 mA 


Stresses above those hereby listed may cause damage to the device. The ratings are stress related only and functional operation of the device 
at conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to maximum rating conditions for 
extended periods may affect device reliability. Standard MOS circuits handling procedure should be used to avoid possible damage to the 
device. 


EE 


lll.2 - DC Characteristics 
Vpp = 5.0V + 5%, GND = OV, Tamb = 0 to 70°C (unless otherwise specified). 


11.2.1 - Power Supply and Common Mode Voltage 
Parameter 
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11.2.2 - Digital Interface 
All digital pins except XTAL Pins. 


Pp Parameter Min 
Low Level Input Voltage 


| Vin [HighLevelinputVoltage | 
| = —_| Input Current Vi = Vop or Vi = GND 10 | Oo | +10 | pA | 
| Vou | High Level Output Voltage (loaa=2ma) | 2 || 
| Vo. | Low Level Output Voltage (liaw=2mA) | | | 
[loz | Three State Input Leakage Current (GND <Vo<Vos) ‘| 60 | 0 | 80 | uA 
Input Capacitance ane ae es a 


Crystal oscillator interface (XTAL, EXTAL). 


Parameter : | Unit 
| Vi__|LowLevelinputVoltage 


| Vin |HighLevelinputVoltage (a — C™C—“‘“C;SSC*dL: SS CTT CEC CY 
i. [Low Level Input Curent GND <VizVine ——SSS~idt 8 | 
ta [High Level input Gurtent Vin <VieVoo——SSC~sCSSC*idCTSSYC 


111.2.3 - Analog Interface 


[Symbol | ~—~S~S~*~<“~*~‘~*«~ rameter ——SSSSSS*~*~*~*~sCSMIn.*| Sy. | Ma, | 
| Vewon __| Input Common Mode Offset, v= (RXA1+RXA2)/2-Vem | -300 | | 300 | mV_ 
[|Voirm __| Differential input Voltage RXAT-RAXAZ_— || Ver | Vb 

Output Common Mode Voltage Offset = (TXA1+TXA2)/2 - Vem | -200 | | 200 | mv | 
| Vorrou__| Differential Qutput Voltage TXA1-TXA2_ | | XV | Vee 
| VOFFOut _| Differential Output DC Offset (TXA1-TxA2) | 100 | | 100] mv 
Rin | inputResistance ——SSSSSSC*wXA'| tO | | —Ssd| =i 
Rout | OulputResistance—=S=S=~=“~*~“~*‘“‘~*~*~srIXAKCSSSC*C“‘C™SCO“‘#SCL“WS'«dG=ik~—C=*d 
PRL__[LoadRResistance ——=S=S*=~“*‘“*~*~‘~‘“‘*~*dIXA*~;C=CSC*YSC*‘“‘CO#d ON CO 
|CL____—|koadCapacitance TAK || | 
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I1i.3 - AC Electrical Characteristics 
11.3.1 - Dual Port RAM Host Read-Cycle Timing (MOTOROLA mode) ") 


SA [0..6] Valid Address 


Valid Data 


SDTACK 


typ. | Wax. 


| Min. | 
Address, SRW, SCSSetupTime | 
ae! 
eel 


| Number | 


<s 
eed 
JAddressHoldTime ae 

| 6 | DataHoldTime ts 
7 | SDTACKHoldTime tt os 


Notes: 1. This mode is selected if the signal INT/MOT is connected to GND. 
2. This value is given for a ST75C52 cycle time of 68ns. For different cycle time tc this value is 4 - te + 10 ns. 
3. If the application does not use the SDTACK signal, the minimum SDS low state must be 340ns (or 5 - te). 


slat G77 SSS:THOMSoON 
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11.3.2 - Dual Port RAM Host Write-Cycle Timing (MOTOROLA mode) 


SA [0..6] Valid Address 


SDTACK 


C Number [—~S~S~*~*~*~éi es eription——SSSC~*~rSCSin 
[10 aderess, SAW, SCSSeupTime SSS 
P11 [SDTACK Acknowiedge—SSSCSCS~S~STS«d 
[12 [Data Strobe Delay ——SSSC—“~“‘“*~“~‘“~*~s~“<~S~srCti 
43” [ Data Setuptime SSCS ts 
a 
[15 [Data Holme 
16 [SoTACKHoldTime——OSCSCSC~—~—S~“‘—~“s*—“—*—~—s~“‘~‘~S*~SS Sd 
[47 [SINTR Clear Delay SS~—~—SCSsSY «Ys 


Notes : 1. This value is given fora ST75C52 cycle time of 68ns. For different cycle time t. this value is 4 t-+10ns. 
2. If the application does not use the SDTACK signal, the minimum SDS low state must be 340ns (or 5 - tc). 
3. The maximum value is te + 10ns. 


| Unit _| 
| ns | 
| ns 
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11.3.3 - Dual Port RAM Host Read-Cycle Timing (INTEL mode) “ 


SA [0..6] Valid Address 


Valid Data 


[ober [——estiion a 
1 [acres S0SSeuptms ——SCSC‘“‘~S*=‘“‘“~*s~srSC CdS 
[2 [sotackAacrnowiedge —SSSOSC~—~—~—S~“s—sS*~—“—~sSSCSCi 
[3 STACK Prpestnment tine 
[4 [sapped 
eo a SS Oe ON 
ra) ac ia Re! 
[7 [SorAcKHowTime ——SSCSC~“~“~*~*~“‘“‘~*S*~*“‘~‘~*~srSCi Cid 


Notes: 1. This mode ts selected if the signal INT/MOT is connected to Vpp. 
2. This value is given for a ST75C52 cycle time of 68ns. For different cycle time tc this value is 4 te+10ns 
3. If the application does not use the SDTACK signal, the minimum SRD low state must be 340ns (or 5. tc). 
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75C52-20 EPS 
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11.3.4 - Dual Port RAM Host Write-Cycle Timing (INTEL mode) 


Valid Address 


SDTACK 


75C52-21 EPS 


[Number [_~SSSieseription——SSS~*~sYSCSns «SMe | 
[10 | Address, SOS SeupTime SS SSCSC~=~“—~sS*~—sés i Ps 
[41 [SDTACK Acknowedge SSS 
2 [Swabeey SSS Sd 
PS 
a 
[1s [DataHoldTime ——Ss~=~“‘“*S*S*C“‘“~*S*S*S*S*~‘“‘“~«~dtC 
[46 | S0TACKHoldTime ——SSCSC~—~—SC“‘“—s**S*—‘—‘—‘—‘“‘—sS*~—*~CSsts ts 
[a7 [siNtRGiearDewy——SSSOSC~—~—S~—“—SsS~—~—~—~ST 8s 


Notes: 1. This value is given fora ST75C52 cycle time of 68ns. For different cycle time t, this value is 4- te + 10 ns. 
2. If the application does not use the SDTACK signal, the minimum SWR low state must be 340ns (or 5 te). 
3. The maximum value is t. + 10ns. 
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IV - FUNCTIONAL DESCRIPTION 


IV.1 - System Architecture 


The chip allows the design of a complete FAX 
data-pump without any external component. A ver- 
satile dual port RAM allows an easy interface with 
most micro-controllers. 


IV.2 - Operation 
IV.2.1 - Modes 


The modem implementation is fully compatible with 
FAX modulation recommendations. The modula- 
tion can be either Trellis Coded Modulation (TCM) 
as in V.17 14400, 12000, 9600, 7200bps rates, 
Quadrature Amplitude Modulation (QAM) as in V.29 
9600, 7200, 4800 and V.27ter 4800 and 2400bps. 
Other modes of operation include tone and DTMF 
detection or generation, or speech mode. 


IV.2.2 - Transmitter Description 


The signal pulses are shaped in a dedicated filter 
further combined with a compromise transmit 
equalizer suited for transmission over strongly dis- 
torted lines. 3 different compromise equalizers are 
available and can be selected by software. 


IV.2.3 - Receiver Description 


The receiver section handles complex signals and 
uses a fractionally spaced complex equalizer. It is 
able to cope with distant modem timing drifts up to 
10° as specified in the ITU-T recommendations. It 
also compensate for frequency drift up to 10Hz and 
for phase jitter at multiple and simultaneous fre- 
quencies. 


IV.2.4 - Tone Generator Description 


Four tones can be simultaneously generated by the 
ST75C52. The tones are determined by their fre- 
quencies and by the output amplitude level. A set 
of specific commands are also available for DTMF 
generation (using two of the four generators avail- 
able). 


IV.2.5 - Tone Detector Description 

Sixteen tones can be simultaneously detected by 
the ST75C52. Each of the tones to be detected is 
defined by the coefficients of a 4th order program- 
mable IIR. Detection thresholds are also program- 
mable from -45dBm up to -10dBm. DTMF detection 
is also available and is performed by a specific filter 
section (that requires no programming). 


[V.2.6 - DTMF Detector Description 
A DTMF Detector is included in the ST75C52, it 
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allows detection of valid DT MF Digits. Avalid DTMF 
Digit is defined as a dual Tone with a total power 
higher than -35dBm, a duration higher than 40ms 
and a differential amplitude within 8dB (negative or 
positive). 


IV.2.7 - Voice Mode 


The ST75C52 voice mode allows the implementa- 
tion of enhanced telephone functions like answer- 
ing machines. The incoming samples (9600HZ), 
received from the line are PCM A-law coded and 
writen into the dual port RAM. The outpoing sam- 
ples are decompressed using the same A-law and 
output to the telephone line. 


The voice mode is entered using a CONF com- 
mand, it can be either transmit voice from the dual 
RAM Tx buffer to the telephone line, receive voice 
from the telephone line to the dual RAM buffer, or 
both of these functions simultaneously. The format 
of the signal is A-law coded without complementa- 
tion of the even bits. The buffer mechanism, be- 
tween the host micro-controler and the ST75C52, 
is identical to the mechanism used for parallel data 
exchanges except that it starts immediately after 
CONF command, the size of the transmit and re- 
ceived buffer, are and must be 8 bytes, there is no 
need for a XMIT command, and if an overrun or 
underrun condition occurs no error will be reported 
to the host processor. 


IV.2.8 - Analog Loop Back Test Mode 


In any transmission standard and serial data for- 
mat, the ST75C52 can be configured for analog 
loop back test. 


IV.2.9 - Low Power Mode 


Sleep state can be attained by a SLEEP command. 
Activating the reset signal or any other interrupt 
signal will wake up the data-pump. When in sleep 
mode, the dual port RAM is unavailable and the 
clocks are disabled. 


When entering the low power mode, the ST75C52 
stops its oscillator, all the peripherals of the DSP 
core are stopped in order to reduce the power 
consumption. The dual RAM is made inacessible. 
The ST/75C52 can be awakened by a hardware 
reset. 


When waking up, the ST75C52 processes exactly 
as after a hardware reset or an INIT command as 
described after. 


There is a maximum time of 20ms to restart the 
oscillator after waking up and an additional 5ms 
after the interrupt to be able to accept any com- 
mand coming from the host. 
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1V.2.10 - Reset 


After a hardware reset, or an INIT command, the 
ST75C52 clears all its internal memories, clears the 
whole dual RAM and starts to initialize the delta 
sigma analog converters. As soon as these initiali- 
zations are completed, the ST75C52 clears the dual 
RAM address 0 (COMSYS), generates an interrupt 
IT6 (command acknoledge) and is programmed to 
send and receive tones, the bit clock and the sample 
clock are programmed to 9600HZ. The total duration 
of the reset sequence is about 5ms. After that time 
the ST75C52 is ready to execute commands sent 
by the host micro-controller. The duration of the 
reset signal should be greater than 70Ons. 


IV.3 - Modem Interface 
IV.3.1 - Analog Interface 


The modem designer must provide a proper hybrid 
interface to the ST75C52. An example of hybrid 
design is given in paragraphs XII and XIll. The 
inputs and outputs of the MAFE are differential, 
achieving thus a better noise immunity. The D/A 
converter output amplifier includes a single pole 
low-pass filter, its cut-off frequency is : 

Fe - 3dB # 19200Hz. 
Continuous-time filtering of the analog differential 
output is necessary using an off-chip amplifier and 
a few external passive components. 


IV.3.2 - Host Interface 


The host interface is seen by the micro as a 64x8 
RAM, with additional registers accessible through 
an 8-bit address space. A selection Pin (INT/MOT) 
allows to configure the host bus for either INTEL or 
MOTOROLA type control signals. 


V - USER INTERFACE 


V.1 - Dual Port Ram Vescription 


The dual port RAM is the standard interface between 
the controller and the ST75C52, for either commands 
or data. This memory is addressed through a 7-bit 
address bus. The locations from $00 to $3F are RAM 
locations, while locations from $40 to $50 are contro! 
registers dedicated to the interrupt handling. 


Several functional areas are defined in the dual port 
RAM, namely : 

- the command area, 

- the report area, 

- the status area, 

- the data buffer area. 
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V.1.1 - Mapping 
V.1.1.1 - Command Area 


The command area is located from $00 to $04. 
Address $00 holds the command byte COMSYS, 
and the next four locations hold the parameters 
COMPAR(0..3]. The command parameters must 
be entered before the command word is issued. 
Once the command has been entered, the com- 
mand byte is reset and an acknowledge report is 
issued. A new command should not be issued 
before the acknowledge counter COMACK is incre- 
mented. 


V.1.1.2 - Report Area 


The report area is located from address $05 to 
address $07. Location $05 holds the acknowledge 
counter COMACK. Each time a command is ac- 
knowledged, the report bytes COMREP[0..1] (if 
any) are written by the ST75C52 into locations $06 
and $07, and the content of COMACK is incre- 
mented. This counter allows the ST75C52 to accu- 
rately monitor the command processing. 


V.1.1.3 - Status Area 


The status area is located from address $08 to $0A. 
The error status word SYSERR is located at ad- 
dress $08. This error status word is updated each 
time an error condition occurs. An optional interrup- 
tion ITO may additionally be triggered in the case 
of an error condition. Locations $09 and $0A hold 
the general status bytes STATUS[0..1]. The mean- 
ing of the bits depends on the mode of operation, 
and is described in Chapter VII. The third byte at 
address $0B holds the Quality Monitor byte 
STAQUA. 


V.1.1.4 - Optional Status Area 


The user can program (through the DOSR com- 
mand) the three locations STAOPT[0..2] of the Op- 
tional Status Area ($0C to $0E) for the real time 
monitoring of three arbitrary memory locations. 


V.1.1.5 - Data Buffer Area 


The data area is made of four 8-byte buffers. Two 
are dedicated to transmission and the two others 
to reception. Each of the four buffers is attached to 
a status byte. the meaning of the status byte de- 
pends on ihe selected format of transmission. 
Within each buffer, DO represents the first bit in 
time. 
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V.1.2 - Interruptions 


The ST75C52 can generate 5 interrupts for the 
controller. The interrupt handling is made with a set 
of registers located from $40 to $50. 


The interruptions generated by the ST75C52 come 
from several different sources. Once the ST75C52 
raises an interrupt, a signal is sent to the controller. 
The controller has then to process the interrupt and 
clear it. The interrupt source can be examined in 
the Interrupt Source Register ITSRCR located at 
$50. According to this status byte, the interrupt 
source can be determined. Then, writing a zero at 
one of the memory location $40 to $46 (Reset 
Interrupt Registers ITREST[O..6]) will reset the cor- 
responding interrupt (and thus acknowledge it). 
These sources of interruptions can be masked 
globally or individually using the Interrupt Mask 
Register ITMASK located at $4F. 
The interrupt sources are : 
- ITO : Error/Warning 
This signifies that an error has occurred and the 
error code is available in the error status byte 
SYSERR. This byte can be selectively cleared by 
the CSE command. 


- IT2 : Tx Buffer : 
Each time the ST75C52 frees a buffer, this inter- 
rupt is generated. 
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- IT3 : Rx Buffer 
Each time the ST75C52 has filled a buffer, this 
interrupt is generated. 


- IT4 : Status Byte 
This signifies that the status byte has changed 
and must be checked by the controller. 


- IT6 : Command Acknowledge 
This signifies that the ST75C52 has read the last 
command entered by the host, incremented the 
command counter COMACK, and is ready for a 
new command. 


TSACR | x | D6 | X | D4 | D3 | D2] X | Do | 


DO = 1 ITO Pending 
D2=1 IT2 Pending 
Da=1 ITn Pending 


mask [07 | 66 | DS | 04 | 03 | 62 | x | DO 
D7 and DO =1 ITO Enable D 
D7 and D2 =1 !7T2 Enable D 


D7 and D6 =1 IT6 Enable D 


OMSON 
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V.1.3 - Host Interface Summary 


ST75C52 
| Address(hex) [Description | Size (Byte) | Mnemonic | 


COMMAND AREA 


CONSYS 
501-504 
REPORT AREA 
3 [smarty 
ee 
sib —~—*di ata Rx Buftero—SCSC*~“~‘~—SCS*C‘<~SSSSSC*dCT OITA 


[806820 —~id Datareufer! ——=SC*~“~*‘“‘*~*dCSC“‘“‘ MCSCSCSC*CR ION 
[sor-S36 —~=*d Data TxBulferoSCSC~C~“~*~*~‘~dtCSC‘“<iSSSSC*d TO 
[ser *d ata Tx Buer tSietus——SSCSSCSC*dCSCSCSCiS dS 


fDataTxBufert ——SOSC=“*~*‘“*~*éidtCS*‘“‘ SC*d TTT 
INTERRUPT AREA 
$50 
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V.2 - Command Set 


The Command Set has the following attractive fea- 

tures : 

- user friendly with easy to remember mnemonics, 

- possibility of straightforward expansion with new 
commands to suit specific customer require- 
ments, 

- easy upgrade of existing software using previous 
modem based SGS-THOMSON products. 


The command set has been designed to provide 
the necessary functional control on the ST75C52. 
Each command is classified according to its syntax 
and the presence/absence of parameters. In the 
case of a parametric command, parameters must 
first be written into the dual port RAM before the 
command is issued. Acknowledge and error report 
is issued for each command entered. 


V.2.1 - Command Set Summary 
V.2.1.1 - Operational Control Commands 
INIT Initialize. Initialize the modem engine. 
Set all parameters to their default values 
and wait for commands of the control 
processor. Non parametric command. 
IDT Identify. Return the product identification 
code. Non parametric command. 
Turn to low power mode, the ST75C52 
enters the low power mode and stops its 
crystal oscillator to reduce power 
consumption. In this mode all the clocks 
are stopped and the dual RAM is 
unreachable. It can be awakened by 
either a hardware reset, a low level on 
the RING Pin ora dummy write of its dual 
RAM. 
Handshake. Begins the handshake 
sequence. The modem engine 
generates all the sequences defined in 
the ITU-T recommendations. A status 
report indicates to the control processor 
the state of the handshake. This 
command only applies to modes where 
a handshake sequence is defined. A 
CONF command must have been issued 
prior to the use of HSHK. Non parametric 
command. 
FAX Stop. Stop FAX Half-duplex 
transmitter. Non parametric command. 
FAX Synchronize. Start/Stop of FAX 
Half-duplex receiver. Parametric 
command. 


SLEEP 


HSHK 


STOP 


SYNC 
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CSE Clear Status Error. Selectively clears the 
Error status byte SYSERR. Parametric 
command. 

SETGN Set Gain. This command sets the global 


gain factor, which is used for the transmit 
samples. Parametric command. 


V.2.1.2 - Data Communication Commands 


XMIT Transmit Data. Start/stop the 
transmission of data in parallel mode. 
After a XMIT command, the ST75C52 
sends the data contained in its dual port 
RAM. 


SERIAL Select Serial or Parallel Mode. This 
command selects the data source, i.e. 
either parallel or serial. The parallel 
mode uses a part of the dual port RAM 
as a double buffer. The serial mode uses 
the serial synchronous !/O. Parametric 
command. 

Selects the Transmission Format (only in 
parallel mode). This command 
configures the data interface for both 
receiver and transmitter according to the 
selected data format. Parametric 
command (HDLC or synchronous). In 
serial mode, format is always 
synchronous. 


FORM 


V.2.1.3 - Memory Handling Commands 


Mw Memory Write. This command is used to 
write an arbitrary 16-bit value into the 
writable memory location currently 
specified by a parameter. Parametric 
command. 

MR Memory Read. This command allows the 
controller to read any of the ERAM or 
CROM (ST75C52 memory spaces) 
location without interrupting the 
processor. Parametric command. 

CR Complex Read. This command allows 
the controller to read at the same time 
the real and imaginary part of a complex 
value stored in a double ERAM or 
CROM location. This feature is very 
interesting for eye pattern software 
control and for equalization monitoring. 
This command insures that the real and 
imaginary parts are sampled in the 
memory at the same time (integrity). 
Parametric command. 
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V.2.1.4 - Configuration Control Commands 


CONF = Configure. This command configures the 
modem engine for data transmission and 
handshake procedures (if any) in any of 
the supported modes. The transmission 
parameters are set to their default values 
and can be modified with the MODC 
command. Parametric command. 

MODC Modify Configuration. This command 
allows modification of some of the 
parameters which have been set up by 
the CONF command. It can also be used 
to alter the mode of operations (short 
train). Parametric command. 

DOSR__—CDefine Optional Status Report. This 
command allows the modification of the 
optional status report located in the 
status area of the dual port RAM. One 
can thus select a particular parameter to 
be monitored during all modes of 
operation. Parametric command. 

DSIT Define Status Interrupt. This command 
allows the programming of the status 
word bit that will generate an Interrupt to 
the controller. Parametric command. 


V.2.1.5 - Tone Generation Commands 


TONE Select Tone. Programs the tone 
generator(s) for the desired default 
tone(s). Additional mnemonics provide 
quick programming of DTMF tones or 
other currently used tones. Parametric 
command. 
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Define Tone. Programs the tone 
generator(s) for arbitrary tone synthesis. 
Parametric command. 
Tone Generator Control. Enables or 
disables the tone generator(s). 
Parametric command. 


IV.2.1.6 - Tone Detection Commands 


TDRC 


TDWC 


TDRW 


TOWW 


TDZ 


Read Tone Detector Coefficient. Read 
one Tone Detector Coefficient. 
Parametric command. 
Write Tone Detector Coefficient. Write 
one Tone Detector Coefficient. 
Parametric command. 
Read Tone Detector Wiring. Read one 
Tone Detector Wiring connection. 
Parametric command. 
Write Tone Detector Wiring. Write one 
Tone Detector Wiring connection. 
Parametric command. 
Clear Tone Detector Cell. Clear internal 
variables of a Tone Detector Cell. 
Parametric command. 


V.2.1.7 - Miscellaneous Commands 


CALL 


JSR 


Call a Subroutine. Call a subroutine with 
one Parameter. Parametric command. 


Call a Low Level Subroutine. Call an 
internal subroutine with one parameter. 
Parametric command. 
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V.3 - Command Set Shori Form 


[tinemonie [Value 
Or04 


0x07 
0x08 
0x09 
DOS Ox0A 
TONE Ox0C Generate Predefined Tones 
D Ox0E Define Arbitrary Tone 


SE 

ox10____| Memory Read 

Ox11 Complex Read 
MW 
IDT 
SR 


FMW 0x12 Memory Write 

a 
0x19 
Ox1B 


Ox1D 
0x20 Configure 
0x25 
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V.4 - Status - Reports 
V.4.1 - Status 


The ST75C52 has a dedicated status reporting 
area located in its dual port RAM. This allow a 
continuous monitoring of the status variables with- 
out interrupting the ST75C52. 

The first status byte gives the error status. Issuing 
of an error status can also be flagged by a mask- 
able interrupt for the controller. The signification of 
the error codes are given in Chapter VII. 

The second and third status bytes give the general 
status of the modem. These status include for 
example the ITU-T circuit status and other items 
described in appendix. These two status can gen- 
erate, when a change occurs, an interrupt to the 
controller ; each bit of the two byte word can be 
masked independently. 

The forth byte gives in real time a measure of the 
reception quality. This information may be used by 
the controller to monitor the quality of the received 
bits. 

Three other locations are dedicated for custom 
status reporting. The controller can program the 
ST75C52 for a real time monitoring of any of its 
internal RAM location. High byte or low byte of any 
word can thus be monitored. 


V.4.2 - Reports 


The ST75C52 features an acknowledge and report 
facility. The acknowledge of a command is moni- 
tored by a counter COMACK located in the dual 
port RAM. Each time a command is read from the 
command area, the ST75C52 will increment this 
counter. For instance, when a MR (Memory Read) 
command is issued, the data is first written in the 
report area, and the counter is incremented after- 
wards. This way of processing insures data integrity 
and gives additional synchronization between the 
controller and the data pump. 


V.5 - Data Exchanges 


The ST75C52 accepts many kinds of data ex- 
change : the default mode uses the synchronous 
serial exchange. Other modes include HDLC fram- 
ing support and synchronous parallel exchanges. 
Detailed description of the Data Buffer Exchanges 
modes is available in the paragraph IX. 


V.5.1 - Synchronous Parallel Mode 


The data exchanges are made through the dual 
port RAM and are byte synchronous oriented. The 
double buffer facilities of the ST75C52 allow an 
efficient buffering of the data. 
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V.5.1.1 - Transmit 


The controller must first fill at least the first buffer of data 
(Tx Buffer 0) with the bits to be transmitted. In order to 
perform this operation, the controller must first check 
the Tx Buffer O status word DTTBSO. If this buffer is 
empty, the controller fills the data buffer locations (up to 
64 bits), and then writes in DTTBSO the number of 
bytes contained in the buffer. The controller can then 
either proceed with the second buffer or initiate the 
transmission with a XMIT command. 

The ST75C52 copies the contents of the data buffer 
and then clears the buffer status word in order to 
make it again available, then generates an IT2 
interrupt. The number of bytes specified by the 
status word is then queued for transmission. The 
process goes on with the two buffers until an XMIT 
command stops the transmission. After the finish- 
ing XMIT command has been issued, the last buff- 
ers are emptied by the ST75C52. 

Errors occur when both buffers are empty while the 
transmit bit queue is also empty. Error is signalled 
with an ITO interruption to the controller. 


V.5.1.2 - Receive 


The controller should take care of releasing the Rx 
buffers before the Data Carrier Detect goes true. 
This is made by writing zero in the Rx Buffer Status 
O and 1. The ST75C52 then fills the first buffer, and 
once filled sets the status word with the number of 
bytes received and then generates an ITS interrupt. 
It then takes control of the second buffer and oper- 
ates the same way. The controller must check the 
status of the buffers and empty them. Once the data 
read, the controller must release the used buffer 
and wait for the next buffer to be filled. 

Error occurs when both buffers are declared full, 
and incoming bits continue to arrive from the line. 
Error is signaled by an ITO interrupt. 


V.5.2 - HDLC Parallel Mode 


This mode implements part of the High Level Data 
Link Control formats and procedures. It is well 
suited for error correcting protocols like ECM or 
FAX T4/T30 recommendations. It supports the flag- 
ging generation, 16-bit Frame Check Sequence, as 
well as the Zero insertion/deletion mechanism. 


V.5.3 - Serial Exchanges 


The other mode of operation for data exchanges is 
the Serial Synchronous Mode. In this mode, the 
data I/O is made through the V.24 interface (page 
4). Even when using the parallel mode described 
above, the received bits are available on the 
ST75C52 RxD Pin. See paragraph VII.2.1 table for 
clock values. 
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VI - COMMAND SET DESCRIPTION 


The appendix Acontains the description of the complete command set. Commands are presented according 
to the following form : 


COMMAND 


Opcode 


Synopsis 


Parameters 


Field 
Byte 
Pos. 


Value 


CALL 


Opcode: 


Synopsis 


Parameters 
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COMMAND 


Command Name Meaning 


Hexadecimal digit 


Short description of the functions performed by the command. 
/ Field | Byte | Pos. | Value 


Name Xx 
xx * 


Name of the addressed bit field. 

Index (or address in the dual port RAM) of the parameter byte (from 1 to 4). 

Bit field position inside the parameter byte. Can either be a single position (from 0 to 7, 0 
being LSB) or a range. 

Possible values for the bit (resp. bit field). Range means all values are allowed. Astar means 
a default value. Values are expressed either under the form of a bit string, or under 
hexadecimal format. 


Definition 


Explanation of the parameter 
Default value 


CALL 


Call a Subroutine 


19 


ete eee ee eee ee 


CALL allows to execute a part of the ST75C52 firmware with a specific argument. 


reaopai | + 
Fran oe ofthe calacress 
re-patat || 7.0 | | Lowbyte ofthe argument 
[Hoh be ofthe argument 
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CONF 


Opcode 


Synopsis 


Parameters 


ST75C52 


Configure for Operations CON F 
20 


a ee ea 


CONF allows the complete definition of the ST75C52 operation, including the mode of 
operation (tone, FAX transmit, FAX receive, voice transmit, voice receive, DTMF receive, ...) 
and the modem parameters (standard, speed, ...). 


Field __| Byte _| Pos. | Value | ___Definition __| 
CONF_OPER Ht | 3.0 | = | Mode of operation, see below 


CONF_ANAL Normal mode 
Analog loop back (test mode only) 
CONF_PSTN PSTN (carrier detect set to -43/-48dBm) 
Leased line (carrier detect -33/-38dBm) 


—O 


ccd 


oO;-o 


— 


SFUQOONRWo 


O 
@ 


Ono 


=—~O 


V.17 
V.33 (half duplex) 

According with the 4 first bits of the CONF_OPER the ST75C52 is put into the following 

mode of operation. 


V.21 channel 2 
Reserved 
CONF_OPER 


Answer mode (FSK full duplex only) 
fear | V24 Do not use RTS pin signal 
Use RTS pin signal 
No transmit equalizer 
Transmit equalizer #1 
0010 
0100 DTME 


Originate mode (FSK full duplex only) 
sacl MODE Bell 103 (full duplex) 
V.21 ful duplex) 
CONF_TXEQ 
Transmit equalizer #2 
Transmit equalizer #3 
0110 DTMF 


V.23 (full duplex) 
2/ter 
CONF _ (eee. | 1800HZz carrier (V.17/V.33 only) 
1700Hz carrier (V.17/V.33 only) 
ional SPO = 2400bps allowed (V.27) 
x1x 4800bps allowed (V a V.29) 
1Xx 7200bps allowed (V 29, V.17) 
1010 


V.29 
CONF_SP1 2..0 XX1 9600bps allowed (V.29, V.17) 
x1x 12000bps allowed (V. 17, V.33) 
1xx 14400bps allowed NW. 17, va3 
Not allowed Not allowed 
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CR 


Opcode: 


Synopsis 


Parameters 
CSE 
Opcode: 


Synopsis 


Parameters 


DEFT 


Opcode: 


Synopsis 


Parameters 


DOSR 


Opcode: 


Synopsis 


Parameters 
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CR 


Complex Read 
11 


Fae ea a ae ie 


CR allows the reading of a complex parameter. The parameter specifies the parameter 
address (for the real part : the imaginary part is next location). CR returns the high byte 
value of both real and imaginary part of the addressed complex parameter. 


| Field =| Byte _| Pos. | Value | Definition = 
CR_ADDR_L ae ee Low byte of the 16-bit address 
CR_ADDRH | 2 | 7.0 | | Highbyte of the 16-bit address 


CSE 


Clear Error Status 
08 


ee a ee ee i 


CSE is used to clear the ST75C52 error status SYSERR byte. It is also used as an 
acknowledge to the error condition handler. For details, please refer to the corresponding 
appendix. 


| Field | Byte | Pos. | Value | _—Definition 


ERR_MASK 1 7..0 Error mask 
See report appendix for detailed meaning 


DEFT 


Define Arbitrary Tone 
OE 


G0) Ot Oe ee 


DEFT programs one of the four tone generator for arbitrary tone generation. The parameter 
is the frequency of the generated tone expressed in Hertz between 0 and 3600Hz. 


|__Field | _-Byte | Pos. | Value | | __—Definition 
TONE_GEN_SL p12 Index of the tone generator (3..0) 
TONE_FREQ_L eae ee | | Low byte of the frequency 


TONE_FREQ_H : ; ‘ins byte of the frequency 
(internally masked with OF) 
TONE_SCALE Amplitude scaling factor (high byte) 
3F gives the nominal amplitude 


DOSR 


Define Optional Status Report 
OA 


a a (a ae Pe 


DOSR specifies the address of the RAM variables to be monitored in the 3 locations 
STAOPT(0..2] of the dual port RAM. It also specifies the geal within the 3 locations. 


[Fed exie [Poss] vatue [afin 
[StA.oPT-ASS | 1 | “1.0 [0.2 dbo STAOPT cestnaion 
sta.oPT_apL| 2 [7.0 | | Lowbyle of source address 
[staoPt_ao| "3 [3.0 | T vigh te of sowee aaeess 


STA_OPT_HL 3 0 Select low byte of source 
1 Select high byte of source 


Ayy, SESctoMooes 


DSIT 


Opcode: 
Synopsis 


Parameters 


Notes: 


FORM 


Opcode: 


Synopsis 


Parameters 


Notes: 


HSHK 


Opcode: 


Synopsis 
Parameter 


[DT 


Opcode: 


Synopsis 
Parameter 


INIT 


Opcode: 


Synopsis 


Parameter 


Notes: 
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DSIT 


Define Status Interrupt 
13 


a De 


DSIT specifies the bit mask used with the STATUS[0] and STATUS[1] byte to generate an 
interrupt IT4 to controller. Each time a bit change happens in the status words, assuming 
the corresponding bit mask will be set, an interrupt will be generated. 


| Field | Byte | Pos. | Value | Definition 
sTAitmsko| 1 | 7.0 | | Status{0] bit mask pattern 
STAIT.MSKi| 2 | 7.0 |_| Status[1] bit mask pattern 


The default IT Status is Ox3F for STATUS[O] and OxFF for STATUS[1]. 


FORM 


Select Transmission Format 
0 


9 
po fof} of op; et otojt a | 


FORM defines the type of transmission used. This format is valid only in the parallel data 
mode. The default format, unless specified, is synchronous. 


Definition 
Synchronous format 


Transmit continous "1" “) 
HDLC framing , 
Transmit continous "0" ™ 


1. This format is only valid for the transmiter. 


Handshake 


HSHK 


04 


Pe Fs (ea a (ee 


HSHK is used to command the ST75C52 to begin the transmit handshake sequence 
processing. The progress of the handshake is reported to the control processor. 
Non parametric command. 


IDT 


Identify 
14 


a a a ae ee ee 


IDT Return the ST75C52 Hardware and Software release number. See paragraph VII.1.4. 
Non parametric command. 


INIT 


Initialization 
06 


ee 


INIT forces the ST75C52 to reset all parameters to their default conditions and restart 
operations. 


Non parametric command. 


This command makes a software reset of the ST75C52 and so cannot have the regular handshake protocol. It does 
not increment the COMACK, neither generate an Interrupt. 
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JSR 


Opcode: 


Synopsis 


Parameters 


Synopsis 


Parameters 


Notes: 


MR 


Opcode: 


Synopsis 


Parameters 


MW 


Opcode: 


Synopsis 


Parameters 
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JSR 


Call a Low Level Subroutine 


/ ~~ Frigh byte of tie cal accress 
[Pow byte ofthe argument 
High byte ofthe argument 


MODC 


Modify Configuration 
21 


A Oe ale 


MODC allows modification of the configuration for special purpose. This command has no 
effect while in data mode, the parameters are just sampled when starting to transmit or 
receive. The value of these parameters are not affected when sending a CONF command. 


| Field | Byte | Pos. | Value | Definition 
MODC_SH 1 0* Normal training sequence 
1 Short training ) sequence 
MODC_FPT 2 00* No echo protection tone 


01 Long echo protection tone (180ms) 
10 
1. Short train sequence must be preceded by at least one normal training sequence. 


Short echo protection tone (30ms) 


MR 


Memory Read 


MR allows the reading of a 16-bit parameter. The parameter specifies the parameter 
address. 


[Feid [Byte [Pos [ Vaue | —~efinition 
MR_ADDRL | 1 | 7.0 | | Lowbyte ofthe 16-bit address 
MR_ADDRH | 2 | 7.0 | | Highbyte of the 16-bit address 


vw 


Memory Write 
12 


Zk 2s esas ae aee 


MW allows the writing of a 16-bit parameter. The parameter specifies the address as well 
as the value to be transferred. 


[Byte [Pos [ vaue [—befintion 
TaivaDDRLE [+ | 7.0 |__| Lowbyte ofthe te-bitaccress 
TMWCADDRH | 2 | 7.0 |_| High byte of he 16-bit adcress 
ew ivatue.t [3 | 7.0 | | Lowbyte ofthe te-btvalue 
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SERIAL 


Opcode: 


Synopsis 
Parameters 


Notes: 


SETGN 


Opcode: 
Synopsis 


Parameters 


SLEEP 


Opcode: 


Synopsis 
Parameter 


Notes : 


STOP 


Opcode: 


Synopsis 


Parameter 


Notes: 


ST75C52 


Select Serial or Parallel Mode SERIAL 
07 


OO Oe EO ae 


SERIAL defines the data path, i.e. either serial or parallel. 
| Byte | Pos. | Value | Definition 
Q* 


TX_SDATA 1 Use serial link for Tx Data 
1 Use parallel link for Tx Data 
| 


Use only serial link for Rx Data 
The received Bits always go to the output pin RXD, even when the RX_SDATA bit is set. 


Use also parallel link for Rx Data 
Set Output Gain S ETG N 
02 


FRE a a ae Le 


SETGN is a command which sets the scaling factor of the transmit samples. It is used for 
setting the output level or for setting the level of the tone generators. The gain value is given 
in the form of a 2’s complement 16-bit value. 


| Field | Byte | Pos. | value | Definition = 
GAIN_L Low byte of the 16-bit gain value 
GAIN_H ; High byte of the 16-bit gain value 


Gain (Hex) Gain (dB) Gain (Hex) Gain (dB) Gain (Hex) 
| FFF | STFA | st] BAC 
vai4, | | 4026 


-5 


5A9D 
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Turn to Sleep Mode S LE E P 
03 
a a LD a ee 


SLEEP is used to force the ST75C52 to turn to low power mode. 


Non parametric command. 
When receiving this command the ST75C52 will stop processing and so cannot have the regular handshake protocol. It 


does not increment the COMACK, neither generate an Interrupt. A negative level on the RING Pin ora dummy dual RAM 
write will awake the ST75C52, generate an IT5 Interrupt and execute a Software Reset (idem init). 


FAX Stop Transmitter STOP 
25 


eee ae Oe SOF ape a 


STOP is used, in FAX Modes, to force the ST75C52 to turn off the transmitter in accordance 
with the corresponding ITU-T V.33/V.17/V.29/V.27 recommendation. 


Non parametric command. 


When receiving this command the ST75C52 will stop sending regular Data in parallel mode this command must be 
preceded by a XMIT Stop command In parallel mode the ST75C52 will wait until all the transmit buffers are sent before 
starting the Stop sequence. 
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SYNC 


Opcode: 


Synopsis 


Parameters 


TDRC 


Opcode: 


Synopsis 


Parameters 


TDRW 


Opcode: 


Synopsis 


Parameters 
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FAX Synchronize the Receiver SYNC 
26 


Eee eee 


SYNC is used, in FAX Modes, to force the ST75C52 to Start/Stop the receiver in accordance 
with the corresponding ITU-T V.33/V.17/V.29/V.27 recommendation.As soon as the 
ST75C52 receives the SYNC Start command it sets its receiver to detect the FAX 
synchronization signal. This command is the equivalent HSHK command for the receiver. 


[sve [Pox [vane [bation 


i Stop receiver 
Start receiver synchronization 


Tone Detector Read Coefficient TDRC 


1A 
pO es [LG 


TDRC Read one Coefficient of the selected Tone Detector Cell. 


[et [vie [Pes [vas [enon 
TD_CELL re Tone detector cell number 


TD_C_ADDR 7..0 Biquad coefficient 
Other 


Energy coefficient 
The command answer is : Low Byte of Coefficient followed by High Byte of Coefficient. 


RX_SYNC 


Static level 
Reserved 


Tone Detector Read Wiring TD RW 


TDRC Read Wiring of the selected Tone Detector Cell. 


oa 2 eS a — ee 


TD | TD_CELL | | 0.F | Tone detector cell number 


TD_W_ADDR Biquad and energy input 
Comparator inputs 
Other Reserved 


The command answer is: 


a) lf TD_W_ADDR =0: 
- First Byte is the Node Number of the Signal connected to Biquadratic Filter input. 
- Second Byte is the Node Number of the Signal connected to the Energy estimator input. 


b) if TD_W_ADDR=1: 


- First Byte is the Node Number of the Signal connected to Comparator Negative input. 
- Second Byte is the Node Number of the Signal connected to the Comparator Positive input. 
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TDWC_ 


Opcode: 


Synopsis 


Parameters 


TDWW 


Opcode: 


Synopsis 


Parameters 


Parameters 


Parameters 


TDZ 


Opcode: 


Synopsis 


Parameters 
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Tone Detector Write Coefficient TDWC 


1C 
pe OO aa af ee | 
TDWC Write one Coefficient of the selected Tone Detector Cell. 
[set Tents [toe [ve [Daten 
TD_CELL —wacwE's Tone detector cell number 
TD_C_ADDR 7..0 Biquad coefficient 
Energy coefficient 
Static level 
Other Reserved 
TDO_coeFL | 3 | 7.0 | | Lowbyte of coefficient 
TDCOEFH | 4 | 7.0 | | Highbyte of coefficient 
Tone Detector Write Wiring TDWW 
1D 
eee Oe So eae i 2 ad 
TDRC Write Wiring of the selected Tone Detector Cell. 
[Fieid [Byte | Pos | vaue | Definition Si 
TD_CELL eae Ss Tone detector cell number 
TD_W_ADDR 0 Biquad and energy input 
1 Comparator inputs 
Other Reserved 
If TD_W_ADDR = 0 (Select Biquad and Energy Inputs) 
[Field [Byte [Pos | Value | —Defintion 
TD_W_ERN re ee Energy estimator signal input 
TD_W_BIQ | 4 | | oar | Biquad filter signal input 
If TD_W_ADDR = 1 (Select Comparator Inputs) 
[Field [Byte [ Pos. | Value | ‘Definition 
TD_W_CN | 3 | | o.3F | Negative comparator signal input 
TD_W_CP | 4 [| | o.3F | Positive comparator signal input 
Tone Detector Clear Cell TDZ 


1E 


Ee 


TDZ Clears all internal variables of one Tone detector cell including Filter local variables 
and energy estimator. This command must be sent after changing coefficients of a cell to 
avoid instability. 


[re [ome [os [vane [ton 
Pwo.ce [+ | 80 | OF | Tonedetecorcatinumber 
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TGEN 


Opcode: 


Synopsis 
Parameters 


TONE 


Opcode: 


Synopsis 


Parameters 


XMIT 


Opcode: 


Synopsis 


Parameters 
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TGEN 


Enable/disable Tone Generators 
OD 


ae ee 


TGEN causes the ST75C52 to enable or disable the four tone generators. 


(Fietd | Byte | Pos. | Value | ‘Definition 
TONE_0O_ENA 1 0* Generator #0 disabled 
1 Generator #0 enabled 
TONE_1_ENA 1 1 0* Generator #1 disabled 
| Generator #1 enabled 
TONE_2 ENA 1 0* Generator #2 disabled 
1 Generator #2 enabled 
TONE_3_ENA | 3 0* Generator #3 disabled 
1 Generator #3 enabled 


TONE 


Predefined Tones 
OC 


pS tO 0 ee eae 0 ao] 


TONE programs the tone generators for the predefined tones. The tone generators #0 and 
eventually #1 are reprogrammed with this command. Eventually the tone generator #0 
and #1 are enabled. Using a value not in the following table will disable tone generator #0 
and #1. 


[Field | Byte [ Pos. [ Value [Definition 


- 


Start/stop Transmission 


& 1336Hz 
& 1477Hz 


& 1633Hz) 
& 1633Hz) 
DTMF C (852 & 1633Hz) 
DTMF D (941 & 1633Hz) 
DTMF * (941 & 1209Hz) 
DTMF # (941 & 1477Hz) 
Answer tone (2100Hz) 
Tone (1650Hz) 

Answer tone (2225Hz) 
Tone (1300Hz) 


DD AOTMMUNODFOMNONAWNM=O 


XMIT 


01 
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XMIT start or stop the transmission of the Parallel Transmit Data. This command work only 
if the Parallel Transmit Data mode has been selected with a SERIAL command. 


| Field | Byte | Pos. | Value | Definition 


TX_START 1 0* Stop transmission 
1 Start transmission 
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Vil - STATUS DESCRIPTION 


This appendix is dedicated to the ST75C52 report- 
ing features. in the following sections the command 
acknowledge process and the report and status 
definitions are explained. 


Vil.1 - Command Acknowledge and Report 


Vil.1.1 - Command Acknowledge Process 
(see Figure 1) 


The ST75C52 features an acknowledge process 
based on a counter COMACK. On power-on reset 
(or INIT command), this counter’s value is set to 0. 
Each time a command is successfully executed by 
the ST75C52, the acknowledge counter COMACK 
is incremented. This allows a precise monitoring of 
the command entered and avoids command colli- 
sion. 


Figure 1 : Command Acknowledge Process 


~< 
oO 
7) 


az 
oe) 


CLEAR 
ANSWER 


EXECUTE 
COMMAND 


COPY ANSWER 
INTO 
COMREP 


INCREMENT 
COMACK 


CLEAR 
COMSYS 


ASSERT 
INTERRUPT 
IT6 
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SET SYSERR 
ERR_IPRM 
ASSERT 
INTERRUPT 
ITO ITO 


ST75C52 


In the case of a memory reading command (CR, 
TDRC, TDRW, IDT or MR) once the command 
entered is executed, the report area is filled and the 
acknowledge counter is incremented afterwards. 
This insures that the controller will read the value 
corresponding to its request. 


Furthermore, the ST75C52 resets the value of the 
COMSYS register once the command has been 
read. The interruption IT6 is raised just after the 
counter is incremented. 


Vil.1.2 - Reports Specification 


The report section of the Dual Port RAM is dedi- 
cated to memory reading. In response to a CR, MR, 
TDRC, TDRW, IDT commands, the value read is 
transferred to the report registers COMREP[(0..1]. 


Ye 
§ ( commANp Exist )-N° 


SET SYSERR 
ERR_IOCD 


ASSERT 
INTERRUPT 
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Vil.1.3 - CR Command 


Issuing a CR command causes the ST75C52 to dump a specific memory location in complex mode. This 
instruction is particularly useful for equalizer state analysis or for software eye-pattern display. The report 
area has this meaning : 


[—ne?7 [pe [APS [APs [APO _| RP2 | APi_[ APO]  COMREPO 
Ter |e | ms | i |e | we [| 1% | (po | comrerty 


RPO..RP7 is the MSB part of the 16-bit value of the real part and IPO..IP7 is the MSB part of the imaginary 
part. The CR command insures that the real and imaginary part of the desired complex value are sampled 
internally at the same time. The address given in the parameter field of CR is the address of the real part. 


Vil.1.4 - MR/TDRC/TDRW/IDT Commands 


The report issued by the MR/TDRC/TDRW/IDT commands follow the same rules as for CR. The report 
meaning is : 


| oor {| oe | os | i | ls | et | COME} 
| pis | pi {| pi | pi | om | pio | bo | 08 |  COMREPTI] 


DO..D15 is the 16-bit value required by the MR/TDRC command. 


In the case of IDT, D15..D12 contains the product identification (2 for ST75C52), D11..D8 contains the 
hardware revision identification and D7..D0O contains the software revision identification. 


VIl.2 - Modem Status 
VII.2.1 - Modem Status Description 


The Status of ST75C52 is divided into 4 fields : 

- The error status byte SYSERR that provides information about error. This status can trigger an ITO 
interrupt, 

- The general status byte STATUS[0] and STATUS[1] that contains all the modem signals. These status 
bytes can trigger an IT4 interrupt, 

- The quality status STAQUA, that contains the quality of the received transmission, 

- The optional status bytes STAOP[O], STAOP[1] and STAOP{[2], that contains additional information 
regarding the ST75C52 operating mode. This default information can be changed to monitor any internal 
variables using the DOSR command. 


All these informations are updated on a Baud basis : 


v.21 (ull dupe 
V.2Tier 2400093 
ss 
v7 


Notes: 1. The tone detectors outputs are update 800 times by second. 
2. This baud rate defines also, the maximum command rate. Each baud time the ST75C52 looks at the COMSYS location 


(addesss $00) to see if a command have been sent by the host processor. If the content of this location 1s different from zero the 
ST75C52 execute the command. 
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Starting at the adddress $08 the status area have the following format : 


a 

Si cal tat See ist et ee ee a GS 

roe | SvSERA [ERRLATK| - | -[ERRLPAM|ERROGD| _- __[ERR_AX | ERR 
F 


|$0A | STATUS! | STADTMF|STAFLAG| —- | STALHR | STA_AT [STAccnT| - | STAH | 
|$0B| STAQUA| =| Quality 
Depend on operating mode (see below) 


Vil.2.2 - Error Status 


The error status changes each time an error occurs. When the ST75C52 signals an error by setting one of 
the SYSERR bit, it generates an interrupt ITO. These bits can only be cleared by the host controler using 
the CSE command. 


The meaning of the different bits of the SYSERR byte is discribed below : 
SYSERR 


|__Field | Pos. _ Meaning when set 


ERR_TX Transmit buffer underflow. Loss of synchronisation between the host and ST75C52 
transmit data buffer managment. 

ERR_RX 1 Receive buffer overflow. Loss of synchronisation between the host and ST75C52 receive 
data buffer managment. 


ERR_IOCD Incorrect CCl command 
ERR_IPRM Incorrect parameter for the CCl command 


ERR_RTK 7 Real time kernel error. ST75C52 not able to perform all its tasks within the baud period 
(transmit or receive samples lost). 


Vil.2.3 - Modem General Status 
The modem general status word is composed of two bytes STATUS[0] and STATUS[1]. Any bit change can 
generate an IT4 interrupt. Using the DSIT command allows the selection of the corresponding bit that will 


generate an interrupt each time they will change. The default pattern is $3F for STATUS[0] and $FF for 
STATUS[1]. 


The different bits have the following meaning : 


STATUS[0] 
Meaning when set 


STA_109 [= | CCITT circuit 109 (carrier detect). Indicates that valid data are received. When 0 the output 


data RxD are clamped to constant mark. Valid only in modem mode. 
STA_107 CCITT circuit 107 (data set ready). Valid only in modem mode. 


STA_106 2 CCITT circuit 106 (clear to send). Indicates that the training sequence has been completed 
and that any data at TxD pin (serial mode) or in the transmit buffer (parallel mode) will be 
STA_RING 3 
tones modes. The precise frequency can be read in the optional status byte STAOP2. The 
detection time is 1 period of the ring signal. The detection lost time in 20ms after the last 
transition on the ring signal. 


transmitted. valid only in modem mode. 
STA_CPTO Call progress tone detector #0. Low pass filter 650Hz. Valid only in tones modes. 


Ring detected. A ring signal (from 15Hz to 68Hz) is present at the RING pin. Valid only in 
STA_CPT1 Call progress tone detector #1. High pass filter 600Hz. Valid only in tones modes. 


STA_CPT10 Yee] Signal in filter #0 is highter than #1. Valid only in tones modes. 
STA_109F Fast Carrier Detect. Valid only in modem mode. 
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STATUS[1] 


STA_DTMF 7 DTMF digit detect. The digit itself is available in the optional status byte STAOP2. Valid 
only in DTMF receive mode. 


Vil.2.4 - Quality Status 

The quality byte STAQUA monitors an evaluation of the line quality. It is updated once per baud and its 
value ranges from 127 (perfect quality) to 0 (terrible quality). This value is automaticaly adjusted according 
to the current receiving mode. Refer to the following chart to convert the value into its Bit Error Rate 
equivalence. 


BER 


ViI.2.5 - Optional Status 
According to the operating mode of the ST75C52 the optional status is displaying different informations. 


The optional status are automatically reprogrammed after each CONF command with the address of the 
variables to monitor according with the operating mode selected (CONF_OPER). After the CONF command 
the user must overwrite this default programming by using the DOSR command. 


VII.2.6 - Default Optional Status in Tone Mode 
While in tone mode the format of the STAOP word is as follows : 


Aaa bet ee ee a eee 


$oD | STAOP1 | TDT15 | TOT14 | TDT13 | TOT12 | TDT11 | ToOT10 | TDT9 
| $0E | STAOP2 RING_PERIOD ") 


Notes : 1. RING_PERIOD is valid when the bit 3 of the STATUS[0] (STA_RING) goes high. This value is updated at each falling edge of 
the RING signal. The RING_PERIOD value must be divided by 2400 to obtain the period in seconds. 


2. TDTx is the output of the tone detector x. 
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VII.2.7 - Default Optional Status in DTMF Receiver Mode 
While in DTMF receiver mode the format of the STAOP word is as follows : 


Eo me cel oe en Ga 


Notes : 1. These cells are used by the DTMF detector. 


2. Per acl is valid when the bit 7 of STATUS[1] (STA_DTMF) goes high. This value remains unchanged until a new DTMF 
igit Is detected. 


VII.2.8 - Default Optional Status in Modem Mode 
While in modem mode the format of the STAOP word is as follows : 


|soc_| staopo | x | x | x | 


Not used 
[soe | staoPe | PNSUGs | PRDETs | PNDETs | SORis | PRs | PNe | Pas | Pts | 


Notes : 1. SPVAL Is active in V 33 receiver only at the same time as the nsing transition of the SCR1s signal. Went SPVAL Is set, it 


indicates that the SPEED bits contain the data speed information. 


2. oF EED is valid in V.33 receiver only. It can have 2 values, after the SCR1s signal goes high : 1000 for 14400bps and 0111 for 
12000bps. 


3. The STAOP2 bit reflects the progression of the synchronization. The STAOP2 bits have the following meaning : 


[Name | Position Description 
| Pis | 0 | Unmodulated carrier sequence. Optional, used for echo protection. be 
Continuous 180° phase reversal sequence 
| PRs | 3 | V.33 and V.17 rate sequence i a re 
Continuous scrambled 1 sequence X 
Turned on after PN sequence detection aa ea 
| PRDETs | 6 | Turned on after PR sequence detection (V.33 and V.17 only) a = ei 


PNSUCs Turned on after succesfull training of the receive equalizer. When on at 


the end of the synchronization, the transmition BER is statisticaly 
bellow 10ppm. 
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With the following timing : 


| ee 18 A, Se Ae 


Transmit ee eS 
STA_H 


Pis 
P2s 
PNs 
PRs 


6 
SCRis” 


Receive 


(7) 
STA_HR 


STA_109F 
P2s 
PNDETs 


PNs 


PRDETs "? 


(2) 
PNSUCs 


SCRis 
STA_109 


RxData 


a ea eee ee ee ee ee eS 
| v7 | 92 | 30 | 22 | tor | i240 | a7 | 20 | 5 | 7 | ms 
| va7short | 192 | 30 | 22 | to7 | 16 | o | 2 | 5 | 7 | ms | 
ae ee 2 eee es ee 
ae ae ee eae eee 
eae a 7 
[27 sao sort | 102 ae a 

=e 

20 


34/46 
°° Ayf, BiBoltnenoses 
8 


75C52-23 EPS 


ST75C52 


Transmit - T10 : T11 min ; 
STA_H pee ee ee 


Pis 
P2s 
PNs 
PRs 


(6) 


SCRis 


Receive 
T13 (3) 


Ly, |; ee ane A ER ic Na a ey ne 


STA_109F 


PNDETs ®) 
PNs 


PRDETs ©) 


PNSUCs®) 


STA_109 


RxData 


v7 ts 
[Wwarstoe [| aa —S—C«iPS Cid 

SO 
[Was stot [sii 

var 4800 [a0 
[Wa7 4s00shon[20.« SS SCiSC*dCt ms 
Tvarewo [ars 
War adooshot| a7 iP Cds 


Notes: 1. In the case of V.29 or V.27, PRs and PRDETs bits are not active. 

. PNSUCs indicates the quality of the Rx signal that will give a ber of approximation of te”. 
. After sending the command SYNCO, all bits are reset. 

. When using long echo protection tone, otherwise 0. 

. When using short echo protection tone, otherwise 0. 

. STA-106 is set at the end of T6 and reset at the beginning of T10. 

. After sending the command SYNC1, this bit is set. 


NOoh OND — 
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Vill - TONE DETECTORS 


Vill.1 - Overview 


The general purpose TS75C52 tone detectors 

block is a powerful module that covers a lot of 

applications : 

- call progress tone detection, fully programmable 
for all countries, 

- DTMF detection, 

- FAX, voice, data automatic detection, 

- call waiting detection, while in voice or data mode. 


Vill.2 - Description 


The tone detector block is a set of 16 identical Cells. 
Each cell is composed of a Double Biquadratic 
Filter, a Power estimator section, a Static level and 
a Level comparator. 


Figure 2 : Biquadratic IIR Filter 


Each Biquadratic Filter, Power Estimator and Static 
Level can be programmed using a complete set of 
Commands (TDRC, TDRW, TDWC, TDWW, TDZ). 


The wiring between the different Cells can be de- 
fined by the user, using the associatedCommand 
allowing a wide range of applications. 


The 16 Comparator Outputs give, on a baud basis, 
the information into two 8 bits words TONEDETO 
(for cells number 0 to 7) and TONEDET1 (for cells 
number 8 to F). These TONEDET variables can be 
accessed using a MR command or, more easily, 
monitored on a baud basis using the DOSR com- 
mand. 


Vill.2.1 - Biquadratic Filters 


Each Biquadratic Filter is a double regular section 
that can perform any Transfer function with 4 Poles 
and 4 Zeros. This routine is run on a sample basis. 


The corresponding transfer function is : 


Out _ 


Input — 


C54+2.C3-27'42.C04.z27 
{= 2 C1. 2' = 24C2.2" 


~1 -2 
cg. CB +2 C9-z°+2 CA-z rl 


8367 so 29. 6e.. 9 


Note: All coefficients are coded on 16 bits 2’s complement in the range +1, -1 (Q15). To avoid the possibility of overflow the user must check 
that the internal node must not be higher that 0.5 (in Q15 representation). 
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VIll.2.2 - Power Estimation 


The Power estimation Cell is needed to measure 
the amplitude of the different tones. It is run on a 
sample basis. 


Figure 3 : Power Estimator 


VIlI.2.3 - Static Level 


A single Threshold level is associated with each 
Cell. It can be use to compare the output of a Power 
Estimation with an Absolute Value. 


Vill.2.4 - Comparator 

The Comparator computes, on a baud basis, the 
difference of the signal on its Positive and Negative 
Inputs. If the result is Higher that zero it sets the 


IST See 


75C52-08 EPS 
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corresponding bit into the TONEDET([O..1] word; if 
not it clear this bit. 


VIIL2.5 - Wiring 


The user must specify the connection (wiring) be- 
tween the input/output of the Filter, the input/output 
of the Power estimator, the output of the static 
levels and the two inputs of the Comparators. 
The output signals have an absolute address: 


Node Address 


Signal a8 
0 
0. 


0 
Analog front end 

| | 04.0F | Reserved 

10..1F 

20..2F 


The user will specify the inputs of the filters, Power 
and Comparator. At least one input must come from 
the RxSig (node 01, 02 or 03). It is mandatory to 
connect all unused cell inputs to the Ground signal 
(node 00). 
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Figure 4 : Tone Detector Wiring Address (first half) 
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Figure 5 : Tone Detector Wiring Address (second half) 
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Vill.3 - Example 


Hereunder is an example of programming a single 
Tone detection (using Cell #3) and a complex dif- 
ferential tone detection (using Cell #4 and #5). 

Bit 3 of the TONEDET variable will be triggered 
each time the energy of that filtered signal is higher 
than Static Level number 3. 


Figure 6 : Wiring Example 
@00 BIQUADRATIC | @13 
GROUND FILTER | 
#3 
@01 
. 


Bit 4 of the TONEDET variable will be on each time 
a receive signal has an energy higher than the 
Static Level number 4. Bit 5 will be on only when 
the Filtered (Filter section 4 and 5) received signal 
higher than the energy of the wide-band signal 
number 4 ; this prevents triggering on noise. 


POWER 
#3 


LEVEL #3 


BIQUADRATIC | @14 SWE 
; FILTER my D3 
Oe #4 


LEVEL #4 


Eas 
| BIQUADRATIC | @15 POWER @25 
FILTER #5 
#5 


D4 
D5 
TONEDETO 


@35 


LEVEL #5 


Program Cell #3: 
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TDWW 03 00 13 01 
Connect Received signal to Filter and Filter to Energy. 
TDWW 03 01 33 23 


Connect Level to Comparator Neg Input and Energy to Pos Input. 


Program Cell #4 and #5: 


TDWW 04 00 01 01 
Connect Received Signal to Filter and Energy. 

TDWW 04 01 34 24 
Connect Level to Comparator Neg Input and Energy to Pos Input. 

TDWW 05 00 15 14 
Connect Filter#4 Output to Filter and Filter to Energy. 

TDWW 05 01 24 25 


Connect Wide-band Energy to Neg Input and Energy to Pos Input. 


IX - BUFFER OPERATIONS 
IX.1 - Introduction 


This appendix is dedicated to buffer operation, either the data buffers used in data exchanges or in particular 


Modes (like Voice). 


The first part is oriented towards a functional description of the buffer operation, while the second section 


is more oriented towards the management of the buffers. 
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IX.2 - Receive Operations Overview 
Figure 7 describes the receive data flow. 


The ST75C52 can handle the following types of 

format for the data : 

- parallel synchronous mode : 8-bit words are syn- 
chronously available in the receive buffers. The 
buffer status holds the number of valid bytes 
received, 

- parallel HDLC framing mode : 8-bit data is avail- 
able in the receive buffers. Framing information 
(like flags, CRC, additional "O") is interpreted by 
the ST75C52 and reported when necessary in the 
receive buffer status (CRC error, aborted frame, 
framing error, etc). This feature greatly eases the 
implementation of protocols as well as FAX data 
management. 


Each time the receive deframer has filled up a new 
buffer, it sets the corresponding flag with the proper 
status then generates the ITS interrupt. The avail- 
ability of the buffers is tested just before starting to 


Figure 7 : Rx Buffer Schematics 
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Figure 8 : Tx Buffer Schematics 
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fill them. This further means that the host must not 
perform any buffer operation on the data part while 
the status remains 0. 


IX.3 - Transmit Operations Overview 


Figure 8 describes the transmit data flow. The 

following modes are available : 

- parallel synchronous mode : 8-bit words are syn- 
chronously read from the transmit buffers. The 
transmit status buffer holds the number of valid 
bytes to be transmitted (up to 8 per buffer), 

- parallel HDLC framing mode : 8-bit data is re- 
ceived from the transmit buffers. Framing infor- 
mation (frame open, frame close, frame abort, 
number of byte per buffer) is carried by the trans- 
mit buffer status and processed by the ST75C52. 
CRC, padding and other operations are automat- 
ically handled by the ST75C52. 


Each time the transmit framer has emptied a buffer, 
the IT2 interrupt is raised. 


ERROR RX 
(SYSERR) 


IT3 


RX BUFFER 
STATUS 


RX DATA 

BUFFER 

SERIAL 
OUT 


ERROR TX 
(SYSERR) 


> |T2 


TX BUFFER 
STATUS 


TRANSMITTER 


FRAMER 


TRANSMITTER 


DATA = 


ITT raha lide ard 


TX DATA 

BUFFER 

SERIAL 
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IX.4 - Buffer Status and Format Description 


The following section describes the meaning and 
use of the buffer status words. 


IX.4.1 - Transmit Buffer 

The transmit buffer status words are DTTBSO and 
DTTBS1 (see the Host Interface Summary sec- 
tion in the main document) and are more likely to 
be seen as control words. These words must be set 
by the host and are reset by the ST75C52. The data 
buffer exchanges are synchronized through these 
status words, (see Buffer Status and format de- 
scription) an improper setting will trigger the error 
Err_Tx in the error status SYSERR. A value of 0 for 
DTTBSO or DTTBS1 means that the corresponding 
buffers are empty : this value is written by the 
ST75C52. The unused bits of DTTBSx must be set 
to O by the host. 

In FSK Mode, when working in the parallel data 
mode, the transmitter expands each bit to the nomi- 
nal baud time (1200HZ/300H2/75Hz). 


IX.4.2 - Synchronous Mode 


| _Field | Pos. | val. | Description | 
BUFF_LENG 3..0 1..8 | Number of valid 
bytes in the buffer 
IX.4.3 - HDLC Framing Mode 


[Field | Pos. | Val. | Description 
BUFF_LENG 3..0 1..8 | Number of valid 
bytes in the buffer 

BUFF_SFRM 4 0 Data stream 

1 Start of frame 
BUFF_EFRM 5 0 Data stream 

1 End of frame 
BUFF_FRAB | 0 Normal process 

| 


Abort frame (no 
data in buffer) 
IX.5 Receive Buffer 
The receive buffer status words are DIRBSO and 
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DTRBS1 (see the Host Interface Summary sec- 
tion in the main document). These flags are set by 
the ST75C52 and must be reset by the host. The 
data buffer exchanges are synchronized through 
these status words, an improper resetting will trig- 
ger the error Err_Rx in the error status SYSERR. A 
value of 0 for DTRBSO or DTRBS1 means that the 
corresponding buffers are empty : this value must 
be written by the host. 


In FSK or V.21 Channel 2 Mode, when working in 
the parallel data mode, the receiver extract each bit 
using the nominal baud rate 
(1200H2/300H2/75Hz). 


IX.5.1 - Synchronous Mode 


Feit 


BUFF_LENG 3..0 1..8. | Number of valid 


—_ 
—_ 


bytes in the buffer 
IX.5.2 - HDLC Framing Mode 
BUFF_LENG ..O 1.8 | Number of valid 
82 |S | Nae Ber 
BUFF_ERRS | 5..4 OO | No error 
01 CRC error 
10 
frame 
Aborted frame 
BUFF_SFRM 0 Data stream 
1 Start of frame 
IX.6 - Data Buffer Management 
Figure 9 shows the general flow chart for transmit 
data buffer management. In the transmit path, the 
the filling of buffer 0, then with the update of the 
buffer O status word. The initiation of the data 
exchanges is initiated then with the XMIT com- 


| Field | Pos. | Val. | Description _| 
3 
Non byte-aligned 
BUFF_EFRM 7 0 Data stream 
1 End of frame 
data buffer exchanges should always begin with 
mand. 


SON 


ky rare cldaereers 


Figure 9 : Buffer Operations Synchronization 
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X - DEFAULT CALL PROGRESS TONE DETEC- XI - DEFAULT ANSWER TONE DETECTORS 
TORS 


Figure 10 : Call Progress Tone Detector Band 1 Figure 12 : 2100Hz Answer Tone Detector 
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——Always On ‘+: Always Off 


Figure 11 : Call Progress Tone Detector Band 2 Figure 13 : 2225Hz Answer Tone Detector 
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XIl - ELECTRICAL SCHEMATICS 


Oscillator 


When using a third harmonic crystal oscillator in series resonance mode (Rs < 40Q, Co = 6pF, Pe =0.1mW), 
we recommend the following schematic : 


EXTAL XTAL 


29.4912MHz 
33pF = 1H 
5pF F 


mm 1ON 
a (optional) a 
\ N 
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XII - ELECTRICAL SCHEMATICS (continued) 
Figure 14 


me 100nF 
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AGND AGND AGND 


XIll - PCB DESIGN GUIDELINES 


Performances of the FAX modem depends on the under components on both sides of the band and 
ST75C52 intrinsic performances and on the proper connect to avoid small islands, 

PC board layout. All aspects of the proper engineer- - both AGNDR and AGNDT must be connected 
ing practices, for PC board design, are beyond the with very low impedance to a single point, (see 
scope of this paragraph. Chapter 1.7, Power Supply), 

We recommend the following points : - the two 2.2nF capacitors connected to the RXA1 and 


RXA2 Pins must be as close as possible to them, 
Separated digital ground and analog ground, con- - the two 100nF capacitors connected to the Vaerpand 


nected together at one point, as close as possible Vern pins must be as close as possible to them, 
to the ST75C52, - analog and digital supplies must be connected 


: together, at a single point, as close as possible to 
- ina 2-layer PC board : 
Provide a ground grid in all space around and the chip (see Chapter |I.7, Power Supply). 


- ina 4-layer PC board : 
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TYPICAL APPLICATION 


(third harmonic senes 
resonance oscillator) 


0 +5VA 


»C4 C5 
100nF | 10pF 


+5VO +5V 9 


a 
N 
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3H 3] 


i L 


SDTACK 
& SINTR 


{9) 
2 


WB 
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oO 


>| [> 
fh 
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+ t...1 4 (connect close V 
to the ST75C52) 
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mn 
D El] Bl RL = IS 
_ 
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|_ RxD > 
V 24/RS232 
INTEL mode. ]_° : aes 
; 


MOTOROLA mode oo ; 


4 C12a=C1 C14 
(select one [ tone 10nF| 10nF 
of the two) 


Notes : All capacitor with a "*" must be implanted close to the ST75C52 pin. 
All signal name ending with a "1" are active low. 
R3, R4, R5, R6 are needed if the hybrid will sink a current on Vem. 
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HIGH SPEED FAX MODEM DATA PUMP 


PRELIMINARY DATA 


® ITU-T V.17, V.29, V.27ter, V.21 WITH FAX DESCRIPTION 


SUPPORT The SGS-THOMSON Microelectronics ST75C520 
chip is a highly integrated modem engine, which 
can operate with all currently used FAX group Ill 
standards up to 14400bps. Full V.21, V.23 and Bell 
103 full duplex modem standards are imple- 
mented. 


= ITU-T V.23, V.21, BELL 103 

= V.17, V.29 (7104), V.27ter SHORT TRAINS 
 V.33 HALF-DUPLEX 

= 1800Hz OR 1700Hz CARRIER 


# SINGLE CHIP COMPLETE DATA PUMP 


SINGLE 5V POWER SUPPLY : 

- TYPICAL ACTIVE POWER CONSUMPTION : 
375mW 

- LOW POWER MODE (typ. 5mW) 


EXTENDED MODES OF OPERATIONS : 

- FULL IMPLEMENTATION OF THE V.17, 
V.33, V.29 AND V.27ter HANDSHAKES 

- AUTODIAL AND AUTOANSWER CAPABIL- 
ITY 

- PROGRAMMABLE TONE DETECTION AND 
FSK V.21 FLAG PATTERN DETECTION < 
DURING HIGH SPEED RECEPTION Lip awe 

- PROGRAMMABLE CALL PROGRESS AND IGRAS 
CALL WAITING TONE DETECTORS IN- 
CLUDING DTMF 


PQFP64 

- PROGRAMMABLE CLASS™ DETECTION (Plastic Quad Flat Pack) 
CAPABILITY 

- WIDE DYNAMIC RANGE (>48dB) Che eOREn Sironzed Orr 


- A-LAW VOICE PCM MODE 


m VERSATILE INTERFACES : 

- PARALLEL 64 x 8-BIT DUAL PORT RAM 

- SYNCHRONOUS/HDLC PARALLEL DATA 
HANDLING 

- HDLC FRAMING SUPPORT 

- V.24 INTERFACE 

- FULL OPERATING STATUS REAL TIME 
MONITORING 

- FULL DIAGNOSTIC CAPABILITY 

- DUAL 8-BIT DAC FOR CONSTELLATION 
DISPLAY 
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1- PIN DESCRIPTION 
1.1 - Pin Connections 


CLKOUT 
HALT 
RESET 
SCOUT 
BOS 


EOS 


33 34 35 36 37 38 39 40 41 42 


$D7 CL _| 


SCS 
INT/MOT 


SDTACK 
GND 
Vop 
SCIN 


SINTR 


SDS (SRD) 
SRW (SWR) 


i.2 - Host Interface 


The exchanges with the control processor proceed through a 64 Bytes DUAL port RAM shared between 
the ST75C520 and the Host. The signals associated with this interface are : 


| PinName | Type Description 

SDO0..SD7 1/0 System Data Bus. 8-bit data bus used for asynchronous exchanges between the 
$1T75C520 and the Host through the dual port RAM. High impedance when exchanges are 
not active. 

SA0..SA6 ae System Address Bus. 7-bit address bus for dual port RAM. 

SDS (SRD) System Data Strobe. Active low. Synchronizes all the exchanges. In Motorola mode 
initiates the exchange, active low. In Intel mode initiates a read exchange, active low. 

System Read/Write. In Motorola mode defines the type of exchange read/write. In Intel 

mode initiates a write exchange, active low. 

System Chip Select. Active low. 

System Bus Data Acknowledge. Active low. Open drain. 


SINTR System Interrupt Request. Active low. This signal is asserted by the ST75C520 and 
negated by the host. Open drain. 


Reset. Active low. 
Ring Detect Signal. Active low. 


Select Intel/Motorola Interface. 
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1.3 - Analog Interface 


Fa 
TXA1 | oO | Transmit Analog Output 1 


Transmit Analog Output 2. Outputs TXA1 and TXA2 provide analog signals with maximum peak to peak 
amplitude 2 x Vrer, and must be followed by an external continous-time two pole smoothing filter (where 
VREF = Vrerp - VREFN). 


Receive Analog Input 2. The analog differential input peak to peak signal must be less than 2 x Vrer. 
It must be preceded by an external continous-time single pole anti-aliasing filter. This filter must be as 
close as possible to the RXA1 and RXA2 Pins (where Vrer = Vrerp - VReen). 


Analog Common Voltage (nominal +2.5V). This input must be decoupled with respect to AGND. 


| Vrcen | | | Analog Negative Reference (nominal Vcm - 1.25V). This input must be decoupled with respect to Vow. 


| Vrcep | | Analog Positive Reference (nominal Vcm+1.25V). This input must be decoupled with respect to Vom. 


1.4 - V.24 Interface 


Description 


RTS | Request to Send. Active low. 
[CLK =| OO Data Bit Clock. Falling edge coincides with DATA change. 
CTS | _O | CleartoSend.Actvelow, 
Bp Sas CoO Data feo aces a aot ee oe ee 


TxD host a) Transmit Data sampled with rising edge of CLK 
CD ——«|_~=~O_| Carrier Detect. Active low. 
1.5 - Miscellaneous 


| PinName | Type | Ci eseription 
-XTAL | _O | Internal Oscillator Output. Left openifnotused, 
FEXTAL | |__| Internal Oscillator Input, or External Clock 
———————— 


Constellation Y analog coordinate 


|TesTi1 |_| Tobe left open 


Note : The nominal external clock frequency of the ST75C520 is 29.4912MHz with a precision better than +5.10° 


1.6 - Boundary Scan Interface 

A set of 13 signals are dedicated for Testing the ST75C520 Component. These signals can be used ina 
development phase, associated with the SGS-THOMSON ST18932 Boundary Scan Development Tools, 
to Debug the application Hardware and Software. If not used all input signals must be grounded and all 
itallidok signals left open. 


Type 
SCIN | 1 |ScanDatalmput 
-ScclK | | | ScanClock 
SCOUT | © | Scan Data Output 
mee Begin of Scan Control 

EOS =| _—st__—i| Endof Scan 

MCO..MC2 | |__| Mode Control 
PHALT) =o fo Stop ST75C520 Execution 
MCT: —— eases Multicycle Instruction 
|RDYS | O | Ready to Scan Flag 
-EBS___| |__| Enable Boundary Scan. Active low (mustbe setlow innormalmode). | 


CLKOUT | O _| Internal ST75C520 Clock (XTAL frequency divided by 2) 
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1.7 - Power Supply 
Symbol 


Digital +5V (Pin 9, 25, 41). To be connected to AVpp (see below). 
Digital Ground (Pin 8, 24, 40). To be connected to AGNDT and AGNDR (see below). 
Analog +5V (Pin 62). To be connected to Vpp (see below). 

Analog Transmit Ground (Pin 64). To be connected to GND (see below). 

Analog Receive Ground (Pin 59). To be connected to GND (see below). 


AGNDT and AGNDR must be connected together as close as possible to the chip. 
GND and AGNDR board plans should be separated, then connected together as close as possible to the 


chip, at a single point. Similarly Vpp and AVpp must ne connected as close as possible to the chip, at a 
single point. 


li- BLOCK DIAGRAMS 
ll.1 - Functional Block Diagram 


“ST75C520 


V 17, V.29, V.27 
FAX TRANSMITTER 


SINTR 


TONE 
DETECTOR 
V 21 FLAG 
DETECTOR 
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11.2 - Hardware Block Diagram 


PROGRAM ROM 8K x 32 


$T18932 
BCEAO a Y S554) DSP CORE FIFO P| 1 | TXA2 
— i =>] FR 
EBS >| 2 | TXAI 
DPLL AND CONTROL 


as ¢—/60] RXAI 
eo al eal al 
SRIW (SWR) oad D : RXA2 
‘ScS D E 
SDTACK 


SINTR 
INT/MOT 


Hl - ELECTRICAL SPECIFICATIONS 


Unless otherwise noted, electrical characteristics are specified over the operating range. Typical value are 
given for Vop = +5V and tamb = 25°C. 


Ill.1 - Maximum Ratings (referenced to GND) 


Parameter Value 


| Value | Uniit_| 
[fo | DigitarOutput Curent SSC~—“~S*~“s*~*~s*~‘“‘—~s~S*é~dSC“*‘“‘ «YC 
| Prot | Maximum Power Dissipation 


Stresses above those hereby listed may cause damage to the device. The ratings are stress related only and functional operation of the device 
at conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to maximum rating conditions for 
extended periods may affect device reliability. Standard MOS circuits handling procedure should be used to avoid possible damage to the 
device. 


111.2 - DC Characteristics 
Vop = 5.0V + 5%, GND = OV, Tamb = 0 to 70°C (unless otherwise specified). 


il1.2.1 - Power Supply and Common Mode Voltage 
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11.2.2 - Digital Interface 
All digital pins except XTAL Pins. 


Symbol 


| Vu___|LowLevelInputVoltage | || 
| Vin__|HighLevelinputVotage ee || 
Ph saalie  S Input Current V; = Vpop or Vi = GND | -10 | oO | +10 | pA | 
__Vou__| High Level Output Voltage (loaa=2mA) | 2 || 
Low Level Output Voltage (load = 2MA) en ae ae 
[loz | Three State input Leakage Current (GND=<Vo<Voo) (| so | 0 | 80 | WA 
se |_| pF 


Crystal oscillator interface (XTAL, EXTAL). 


po Parameter | Min 
Low Level Input Voltage lee ete 


High Level Input Voltage 


11.2.3 - Analog Interface 


Von ___| Differential Input Voltage RXA1-RXAZ | 
Voiror___| Differential Output Voltage TXAT-TXA2 
10 4 
eae a 


Input Resistance 100 


Rout Output Resistance TXAX 
|Rout | OutputResistance | TXAX 
10 


Load Capacitance TXAX 
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lll.3 - AC Electrical Characteristics 
1.3.1 - Dual Port RAM Host Timing 


WRITE-CYCLE TIMING READ-CYCLE TIMING 


SA[0..6] Valid Address Valid Address 3 


Motorola mode 


oe : Valid Data | 
SD[0..7] ae a a 


NSDTACK 


NSINTR 


SR/NW (= NWRITE) 
NSDS (= NREAD) 


Intel mode 


Number [unit 
Address and Control Set-up Time ns 
SDTACK Acknowledge 20 ns 


=) 
wn 


=] 
wn 


Data Set-up Time 

Address and Control Hold Time 

Data Hold Time 

SDTACK Hold Time 

Write Enable Low State 

Access Inhibition High State (see Note) 
Read Enable Low State 

Read Data Access 

SINTR Clear Delay 


Data Valid to Tristate 


Note: A minimum delay of 70ns is required only from the rizing edge of NWRITE to the falling edge of the next selected NREAD or NWRITE. 


=) 
n 


i¢) 

o1 
3 j;5 
nin 


ok, 


RIN TA ound 


0 
11 
12 


o 
oO 
SS 
n 


~ 
ol 
SD 
wn 


8/44 
——__—_—————— kyg 3ESsTHOMSON 
358 


75C52004 EPS 


$T75C520 


ili.3.2 - Serial V.24 Interface Timing 


Valid Data Out 


Description 


1 TXD to CLK Set-up Time 
2 TXD to CLK Hold Time 
RXD Valid to CLK Delay Time 
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IV - FUNCTIONAL DESCRIPTION 
IV.1 - System Architecture 


The chip allows the design of a complete FAX 
data-pump without any external component. A ver- 
satile dual port RAM allows an easy interface with 
most micro-controllers. 


IV.2 - Operation 
IV.2.1 - Modes 


The modem implementation is fully compatible with 
FAX modulation recommendations. The modula- 
tion can be either Trellis Coded Modulation (TCM) 
as in V.17 14400, 12000, 9600, 7200bps rates, 
Quadrature Amplitude Modulation (QAM) as in 
V.29 9600, 7200, 4800 and V.27ter 4800 and 
2400bps. Other modes of operation include tone 
and DTMF detection or generation, or speech 
mode. 


IV.2.2 - Transmitter Description 


The signal pulses are shaped in a dedicated filter 
further combined with a compromise transmit 
equalizer suited for transmission over strongly dis- 
torted lines. 3 different compromise equalizers are 
available and can be selected by software. 


IV.2.3 - Receiver Description 


The receiver section handles complex signals and 
uses a fractionally spaced complex equalizer. It is 
able to cope with distant modem timing drifts up to 
10% as specified in the ITU-T recommendations. It 
also compensate for frequency drift up to 10Hz and 
for phase jitter at multiple and simultaneous fre- 
quencies. 


IV.2.4 - Tone Generator Description 


Four tones can be simultaneously generated by the 
ST75C520. The tones are determined by their fre- 
quencies and by the output amplitude level. A set 
of specific commands are also available for DIMF 
generation (using two of the four generators avail- 
able). 


IV.2.5 - Tone Detector Description 


Sixteen tones can be simultaneously detected by 
the ST75C520. Each of the tones to be detected is 
defined by the coefficients of a 4th order program- 
mable IIR. Detection thresholds are also program- 
mable from -45dBm up to -10dBm. DTMF detection 
is also available and is performed by a specific filter 
section (that requires no programming). 
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IV.2.6 - DTMF Detector Description 


A DTMF Detector is included in the ST75C520, it 
allows detection of valid DTMF Digits. Avalid DTMF 
Digit is defined as a dual Tone with a total power 
higher than -35dBm, a duration higher than 40ms 
and a differential amplitude within 8dB (negative or 
positive). 


IV.2.7 - Voice Mode 


The ST75C520 voice mode allows the implemen- 
tation of enhanced telephone functions like an- 
swering machines. The incoming samples 
(9600HZz), received from the line are PCM A-law 
coded and writen into the dual port RAM. The 
outpoing samples are decompressed using the 
same A-law and output to the telephone line. 


The voice mode is entered using a CONF com- 
mand, it can be either transmit voice from the dual 
RAM Tx buffer to the telephone line, receive voice 
from the telephone line to the dual RAM buffer, or 
both of these functions simultaneously. The format 
of the signal is A-law coded without complementa- 
tion of the even bits. The buffer mechanism, be- 
tween the host micro-controler and the ST75C520, 
is identical to the mechanism used for parallel data 
exchanges except that it starts immediately after 
CONF command, the size of the transmit and re- 
ceived buffer, are and must be 8 bytes, there is no 
need for a XMIT command, and if an overrun or 
underrun condition occurs no error will be reported 
to the host processor. 


IV.2.8 - Analog Loop Back Test Mode 


In any transmission standard and serial data for- 
mat, the ST75C520 can be configured for analog 
loop back test. 


IV.2.9 - Low Power Mode 


Sleep state can be attained by a SLEEP command. 
Activating the reset signal will wake up the data- 
pump. When in sleep mode, the dual port RAM is 
unavailable and the clocks are disabled. 

When entering the low power mode, the ST75C520 
stops its oscillator, all the peripherals of the DSP 
core are stopped in order to reduce the power 
consumption. The dual RAM is made inacessible. 
The ST75C520 can be awakened by a hardware 
reset. 

There is a maximum time of 20ms to restart the 
oscillator after waking up and an additional 5ms 
after the interrupt to be able to accept any com- 
mand coming from the host. 
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IV.2.10 - Reset 


After a hardware reset, or an INIT command, the 
$175C520 clears all its internal memories, clears 
the whole dual RAM and starts to initialize the delta 
sigma analog converters. As soon as these initiali- 
zations are completed, the ST75C520 clears the 
dual RAM address 0 (COMSYS), generates an in- 
terrupt IT6 (command acknoledge) and is pro- 
grammed to send and receive tones, the bit clock 
and the sample clock are programmed to 9600Hz. 
The total duration of the reset sequence is about 
5ms. After that time the ST75C520 is ready to exe- 
cute commands sent by the host micro-controller. 
The duration of the reset signal should be greater 
than 700ns. 


IV.3 - Modem Interface 
IV.3.1 - Analog Interface 


The modem designer must provide a proper hybrid 
interface to the ST75C520. An example of hybrid 
design is given in paragraphs XIl and XiIll. The 
inputs and outputs of the MAFE are differential, 
achieving thus a better noise immunity. The D/A 
converter output amplifier includes a single pole 
low-pass filter, its cut-off frequency is : 

Fo - 3dB # 19200Hz. 
Continuous-time filtering of the analog differential 
output is necessary using an off-chip amplifier and 
a few external passive componenis. 


IV.3.2 - Host Interface 


The host interface is seen by the micro as a 64x8 
RAM, with additional registers accessible through 
an 8-bit address space. A selection Pin (INT/MOT) 
allows to configure the host bus for either INTEL or 
MOTOROLA type control signals. 


V - USER INTERFACE 
V.1 - Dual Port Ram Description 


The dual port RAM is the standard interface between 
the controller and the ST75C520, for either com- 
mands or data. This memory is addressed through a 
7-bit address bus. The locations from $00 to $3F are 
RAM locations, while locations from $40 to $50 are 
control registers dedicated to the interrupt handling. 


Several functional areas are defined in the dual port 
RAM, namely : 

- the command area, 

- the report area, 

- the status area, 

- the data buffer area. 
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V.1.1 - Mapping 
V.1.1.1 - Command Area 


The command area is located from $00 to $04. 
Address $00 holds the command byte COMSYS, 
and the next four locations hold the parameters 
COMPAR[O..3]. The command parameters must be 
entered before the command word is issued. Once 
the command has been entered, the command 
byte is reset and an acknowledge report is issued. 
A new command should not be issued before the 
acknowledge counter COMACK is incremented. 


V.1.1.2 - Report Area 


The report area is located from address $05 to 
address $07. Location $05 holds the acknowledge 
counter COMACK. Each time a command is ac- 
knowledged, the report bytes COMREP[0..1] (if 
any) are written by the ST75C520 into locations 
$06 and $07, and the content of COMACK is incre- 
mented. This counter allows the ST75C520 to ac- 
curately monitor the command processing. 


V.1.1.3 - Status Area 


The status area is located from address $08 to $0A. 
The error status word SYSERR is located at ad- 
dress $08. This error status word is updated each 
time an error condition occurs. An optional interrup- 
tion ITO may additionally be triggered in the case of 
an error condition. Locations $09 and $0A hola the 
general status bytes STATUS[0..1]. The meaning 
of the bits depends on the mode of operation, and 
is described in Chapter Vil. The third byte at ad- 
dress $0B holds the Quality Monitor byte STAQUA. 


V.1.1.4 - Optional Status Area 


The user can program (through the DOSR com- 
mand) the three locations STAOPT{0..2] of the Op- 
tional Status Area ($0C to SOE) for the real time 
monitoring of three arbitrary memory locations. 


V.1.1.5 - Data Buffer Area 


The data area is made of four 8-byte buffers. Two 
are dedicated to transmission and the two others to 
reception. Each of the four buffers is attached to a 
status byte. the meaning of the status byte depends 
on the selected format of transmission. Within each 
buffer, DO represents the first bit in time. 
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V.1.2 - Interruptions 


The ST75C520 can generate 5 interrupts for the 
controller. The interrupt handling is made with a set 
of registers located from $40 to $50. 


The interruptions generated by the ST75C520 
come from several different sources. Once the 
ST75C520 raises an interrupt, a signal is sent to 
the controller. The controller has then to process 
the interrupt and clear it. The interrupt source can 
be examined in: the Interrupt Source Register 
ITSRCR located’ at $50. According to this status 
byte, the interrupt source can be determined. Then, 
writing a zero at one of the memory location $40 to 
$46 (Reset Interrupt Registers ITREST[O..6]) will 
reset the corresponding interrupt (and thus ac- 
knowledge it). These sources of interruptions can 
be masked globally or individually using the Inter- 
rupt Mask Register ITMASK located at $4F. 
The interrupt sources are : 
- ITO : Error/Warning 
This signifies that an error has occurred and the 
error code is available in the error status byte 
SYSERR. This byte can be selectively cleared by 
the CSE command. 
- IT2 : Tx Buffer 
Each time the ST75C520 frees a buffer, this inter- 
rupt is generated. 
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- IT3 : Rx Buffer 
Each time the ST75C520 has filled a buffer, this 
interrupt is generated. 


- IT4: Status Byte 
This signifies that the status byte has changed 
and must be checked by the controller. 


- IT6 : Command Acknowledge | 
This signifies that the ST75C520 has read the last 
command entered by the host, incremented the 
command counter COMACK, and is ready for a 
new command. 


ITSACR |_X_| D6 | X | D4 | D3 | D2 | x | Bo | 


DO = 1 ITO Pending 
D2=1 IT2 Pending 
Dn=1 ITn Pending 


ITMASK [D7 | Ds | X | D4 | 03 | D2 | X | Do | 


D7 and DO =1 ITO Enable D 
D7 and D2 =1 IT2 Enable D 


D7 and D6 =1 IT6 Enable D 
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V.1.3 - Host Interface Summary 


Aaldress (her) Size Byte) | _Wnemonio 


COMMAND AREA 

$00 
COMPAR(O..3 
REPORT AREA 


$05 Acknowledge Counter COMACK 
$06-$07 COMREP(O..1] 


[Data Px BuiferOSwus—~C~“‘“‘*~*SSCSC“‘ Cd TRBSO 
spss ~S~*d eta Rk Buffero—=SCSC~“~*‘“~*~*~“‘“dSC“C*‘“‘~*SSCSC*dCOT ROHL] 
[see20 «data Butler ——SCSC*~“~*~“‘*wrCSC*“~*‘“~«i*rOTRBHOKT CS 
DTTBSO 
Fo Sc 
[DataTxButiert —SSSC~C~“~—dSSC“CS~SSCS*~*«~rSIOWT 


940-346 Reset Interrupt Reg. if ITREST(O..6] 


$4F Interrupt Mask Reg ITMASK 
Interrupt Source Reg. ITSRCR 
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V.2 - Command Set 


The Command Set has the following attractive fea- 

tures : 

- user friendly with easy to remember mnemonics, 

- possibility of straightforward expansion with new 
commands to suit specific customer require- 
ments, 

- easy upgrade of existing software using previous 
modem based SGS-THOMSON products. 


The command set has been designed to provide 
the necessary functional control on the ST75C520. 
Each command is classified according to its syntax 
and the presence/absence of parameters. In the 
case of a parametric command, parameters must 
first be written into the dual port RAM before the 
command is issued. Acknowledge and error report 
is issued for each command entered. 


V.2.1 - Command Set Summary 
V.2.1.1 - Operational Control Commands 


INIT Initialize. Initialize the modem engine. 
Set all parameters to their default values 
and wait for commands of the conirol 
processor. Non parametric command. 

IDT Identify. Return the product identification 
code. Non parametric command. 
Turn to low power mode, the ST75C520 
enters the low power mode and stops its 
crystal oscillator to reduce power 
consumption. In this mode all the clocks 
are stopped and the dual RAM is 
unreachable. 

Handshake. Begins the handshake 

sequence. The modem engine 

generates all the sequences defined in 
the ITU-T recommendations. A status 
report indicates to the control processor 
the state of the handshake. This 
command only applies to modes where 

a handshake sequence is defined. A 

CONF command must have been issued 

prior to the use of HSHK. Non parametric 

command. 

FAX Stop. Stop FAX Half-duplex 

transmitter. Non parametric command. 

FAX Synchronize. Start/Stop of FAX 

Half-duplex receiver. Parametric 

command. 

CSE Clear Status Error. Selectively clears the 
Error status byte SYSERR. Parametric 
command. 


SLEEP 


HSHK 


STOP 


SYNC 
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SETGN Set Gain. This command sets the global 
gain factor, which is used for the transmit 
samples. Parametric command. 


V.2.1.2 - Data Communication Commands 


XMIT Transmit Data. Start/stop the 
transmission of data in parallel mode. 
After a XMIT command, the ST75C520 
sends the data contained in its dual port 
RAM. 
SERIAL Select Serial or Parallel Mode. This 
command selects the data source, i.e. 
either parallel or serial. The parallel 
mode uses a part of the dual port RAM 
as a double buffer. The serial mode uses 
the serial synchronous I/O. Parametric 
command. 
Selects the Transmission Format (only in 
parallel mode). This command 
configures the data interface for both 
receiver and transmitter according to the 
selected data format. Parametric 
command (HDLC or synchronous). In 
serial mode, format is always 
synchronous. 


FORM 


V.2.1.3 - Memory Handling Commands 


MW Memory Write. This command is used to 
write an arbitrary 16-bit value into the 
writable memory location currently 
specified by a parameter. Parametric 
command. 

MR Memory Read. This command allows the 
controller to read any of the ERAM or 
CROM (ST75C520 memory spaces) 
location without interrupting the 
processor. Parametric command. 

CR Complex Read. This command allows 
the controller to read at the same time 
the real and imaginary part of a complex 
value stored in a double ERAM or 
CROM location. This feature is very 
interesting for eye pattern software 
control and for equalization monitoring. 
This command insures that the real and 
imaginary parts are sampled in the 
memory at the same time (integrity). 
Parametric command. 
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V.2.1.4 - Configuration Control Commands 


CONF 


MODC 


DOSR 


DSIT 


Configure. This command configures the 
modem engine for data transmission and 
handshake procedures (if any) in any of 
the supported modes. The transmission 
parameters are Set to their default values 
and can be modified with the MODC 
command. Parametric command. 


Modify Configuration. This command 
allows modification of some of the 
parameters which have been set up by 
the CONF command. It can also be used 
to alter the mode of operations (short 
train). Parametric command. 


Define Optional Status Report. This 
command allows the modification of the 
optional status report located in the 
status area of the dual port RAM. One 
can thus select a particular parameter to 
be monitored during all modes of 
operation. Parametric command. 

Define Status Interrupt. This command 
allows the programming of the status 
word bit that will generate an Interrupt to 
the controller. Parametric command. 


V.2.1.5 - Tone Generation Commands 


TONE 


Select Tone. Programs the tone 
generator(s) for the desired default 
tone(s). Additional mnemonics provide 
quick programming of DTMF tones or 
other currently used tones. Parametric 
command. 


DEFT 


TGEN 


ST75C520 


Define Tone. Programs the tone 
generator(s) for arbitrary tone synthesis. 
Parametric command. 
Tone Generator Control. Enables or 
disables the tone generator(s). 
Parametric command. 


IV.2.1.6 - Tone Detection Commands 
TDRC 


TDWC 


TDRW 


TOWW 


TDZ 


Read Tone Detector Coefficient. Read 
one Tone Detector Coefficient. 
Parametric command. 
Write Tone Detector Coefficient. Write 
one fone Detector Coefficient. 
Parametric command. 
Read Tone Detector Wiring. Read one 
Tone Detector Wiring connection. 
Parametric command. 
Write Tone Detector Wiring. Write one 
Tone Detector Wiring connection. 
Parametric command. 
Clear Tone Detector Cell. Clear internal 
variables of a Tone Detector Cell. 
Parametric command. 


V.2.1.7 - Miscellaneous Commands 
CALL 


JSR 


Ayg, SBScRionencs 


Call a Subroutine. Call a subroutine with 
one Parameter. Parametric command. 


Call a Low Level Subroutine. Call an 
internal subroutine with one parameter. 
Parametric command. 
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V.3 - Command Set Short Form 


CCl Command 


oH05 
OH06 
DOSR OHOA 
TONE O10 
TGEN OHO 
DEFT OHOE 

ISR oxi 


XMIT 
SETGN 
SLEEP 

HSHK 

INIT 
SERIAL 


9) 
w 
m 


FORM 


DSIT 


S| 


—ae) 


OxtE 
0x20 
0x21 
0x26 FAX Synchronize Receiver 
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V.4 - Status - Reports 
V.4.1 - Status 


The ST75C520 has a dedicated status reporting 
area located in its dual port RAM. This allow a 
continuous monitoring of the status variables with- 
out interrupting the ST75C520. 

The first status byte gives the error status. Issuing 
of an error status can also be flagged by a mask- 
able interrupt for the controller. The signification of 
the error codes are given in Chapter VII. 

The second and third status bytes give the general 
status of the modem. These status include for 
example the ITU-T circuit status and other items 
described in appendix. These two status can gen- 
erate, when a change occurs, an interrupt to the 
controller ; each bit of the two byte word can be 
masked independently. 

The forth byte gives in real time a measure of the 
reception quality. This information may be used by 
the controller to monitor the quality of the received 
bits. 

Three other locations are dedicated for custom 
status reporting. The controller can program the 
ST75C520 for a real time monitoring of any of its 
internal RAM location. High byte or low byte of any 
word can thus be monitored. 


V.4.2 - Reports 


The ST75C520 features an acknowledge and re- 
port facility. The acknowledge of a command is 
monitored by a counter COMACK located in the 
dual port RAM. Each time a command is read from 
the command area, the ST75C520 will increment 
this counter. For instance, when a MR (Memory 
Read) command is issued, the data is first written 
in the report area, and the counter is incremented 
afterwards. This way of processing insures data 
integrity and gives additional synchronization be- 
tween the controller and the data pump. 


V.5 - Data Exchanges 


The ST75C520 accepts many kinds of data ex- 
change : the default mode uses the synchronous 
serial exchange. Other modes include HDLC fram- 
ing support and synchronous parallel exchanges. 
Detailed description of the Data Buffer Exchanges 
modes is available in the paragraph IX. 


V.5.1 - Synchronous Parallel Mode 


The data exchanges are made through the dual 
port RAM and are byte synchronous oriented. The 
double buffer facilities of the ST75C520 allow an 
efficient buffering of the data. 
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V.5.1.1 - Transmit 


The controller must first fill at least the first buffer of data 
(Tx Buffer 0) with the bits to be transmitted. In order to 
perform this operation, the controller must first check 
the Tx Buffer O status word DTTBSO. If this buffer is 
empty, the controller fills the data buffer locations (up to 
64 bits), and then writes in DTTBSO the number of 
bytes contained in the buffer. The controller can then 
either proceed with the second buffer or initiate the 
transmission with a XMIT command. 

The ST75C520 copies the contents of the data 
buffer and then clears the buffer status word in 
order to make it again available, then generates an 
1T2 interrupt. The number of bytes specified by the 
status word is then queued for transmission. The 
process goes on with the two buffers until an XMIT 
command stops the transmission. After the finish- 
ing XMIT command has been issued, the last buff- 
ers are emptied by the ST75C520. 

Errors occur when both buffers are empty while the 
transmit bit queue is also empty. Error is signalled 
with an ITO interruption to the controller. 


V.5.1.2 - Receive 


The controller should take care of releasing the Rx 
buffers before the Data Carrier Detect goes true. 
This is made by writing zero in the Rx Buffer Status 
0 and 1. The ST75C520 then fills the first buffer, and 
once filled sets the status word with the number of 
bytes received and then generates an ITS interrupt. 
It then takes control of the second buffer and oper- 
ates the same way. The controller must check the 
status of the buffers and empty them. Once the data 
read, the controller must release the used buffer 
and wait for the next buffer to be filled. 

Error occurs when both buffers are declared full, 
and incoming bits continue to arrive from the line. 
Error is signaled by an ITO interrupt. 


V.5.2 - HDLC Parallel Mode 


This mode implements part of the High Level Data 
Link Control formats and procedures. It is well 
suited for error correcting protocols like ECM or 
FAX T4/T30 recommendations. It supports the flag- 
ging generation, 16-bit Frame Check Sequence, as 
well as the Zero insertion/deletion mechanism. 


V.5.3 - Serial Exchanges 


The other mode of operation for data exchanges is 
the Serial Synchronous Mode. In this mode, the 
data I/O is made through the V.24 interface (page 
4). Even when using the parallel mode described 
above, the received bits are available on the 
ST75C520 RxD Pin. See paragraph VII.2.1 table 
for clock values. 
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VI - COMMAND SET DESCRIPTION 


The appendix Acontains the description of the complete command set. Commands are presented according 
to the following form : 


COMMAND 


Opcode 


Synopsis 


Parameters 


Field 
Byte 
Pos. 


Value 


CALL 


Opcode: 


Synopsis 


Parameters 
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COMMAND 


Command Name Meaning 


Hexadecimal digit 


Short description of the functions performed by the command. 


Pe 


——_ Explanation of the parameter 
Default value 


Name of the addressed bit field. 

Index (or address in the dual port RAM) of the parameter byte (from 1 to 4). 

Bit field position inside the parameter byte. Can either be a single position (from 0 to 7, 0 
being LSB) or a range. 

Possible values for the bit (resp. bit field). Range means all values are allowed. Astar means 
a default value. Values are expressed either under the form of a hit string, or under 
hexadecimal format. 


CALL 


Call a Subroutine 


19 
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CALL allows to execute a part of the ST75C520 firmware with a specific argument. 


[eid [Byte [Pos [Vale [Definition 
FeADRL | 1 | 7.0 | | Lowbytoofthecaladiess 
fepatat | a | 7.0 | | Lowbytoottheargument 
fepatan | 4 | 7.0 | | Hohbyecofthe argument = 


AYA, HxSoutoroses 


CONF 


Opcode 


Synopsis 


Parameters 


$T75C520 


Configure for Operations CON F 
20 
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CONF allows the complete definition of the ST75C520 operation, including the mode of 
operation (tone, FAX transmit, FAX receive, voice transmit, voice receive, DTMF receive, ...) 
and the modem parameters (standard, speed, ...). 


Field __| Byte | Pos. | Value | Definition 
CONF_OPER a ae i oe ee Mode of operation, see below 


CONF_ANAL 1 4 0 Normal mode 
1 Analog loop back (test mode only) 
CONF_PSTN 1 5 0 PSTN (carrier detect set to -43/-48dBm) 
1 Leased line (carrier detect -33/-38dBm) 
CONF_AO 1 0 Answer mode (FSK full duplex only) 
1 Originate mode (FSK full duplex only) 
CONF_V24 7 0 Do not use RTS pin signal 
1 Use RTS pin signal 
2 
2 
3 


V.29 

V.17 

V.33 (half duplex) 
V.21 channel 2 
Reserved 


No transmit equalizer 
Transmit equalizer #1 
Transmit equalizer #2 


CONF_MODE 5..0 Bell 103 (full duplex) 
V.21 (full splen 
V.23 (full duplex 
V.27ter 
CONF_TXEQ 7..6 
; Transmit equalizer #3 
CONF_CAR 1800Hz carrier (V.17/V.33 only) 
1 1700Hz carrier (V.17/V.33 only) 
CONF_SPO Li Xx 1 2400bps allowed (V.27) 
x1x 4800bps allowed Wag) V.29) 
1XX 7200bps allowed (V.29, V.17) 
CONF_SP1 2..0 xx 9600bps allowed (V.29, V.17) 
x1x 12000bps allowed Nets V.33) 
1xx 14400bps allowed (V.17, V.33) 


According with the 4 first bits of the CONF_OPER the ST75C520 is put into the following 
mode of operation. 


CONF_OPER 
0000" 
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CR 


Opcode: 


Synopsis 


Parameters 
CSE 
Opcode: 


Synopsis 


Parameters 


DEFT 


Opcode: 


Synopsis 


Parameters 


DOSR 


Opcode: 


Synopsis 


Parameters 
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CR 


Complex Read 
11 


dh Odes Veale [woe 


CR allows the reading of a complex parameter. The parameter specifies the parameter 
address (for the real part : the imaginary part is next location). CR returns the high byte 
value of both real and imaginary part of the addressed complex parameter. 


| Field | Byte_| Pos. | Value Definition 
CRDDRL | 1 | 7.0 | | Lowbyte of the 16-bit address 
CRADDRH | 2 | 7.0 | | High byte of the 16-bit address 


CSE 


Clear Error Status 
08 


a a a a 


CSE is used to clear the ST75C520 error status SYSERR byte. It is also used as an 
acknowledge to the error condition handler. For details, please refer to the corresponding 
appendix. 


| Field || _Byte_| Pos. | Value | Definition, 


ERR_MASK 1 7..0 Error mask 
See report appendix for detailed meaning 


Define Arbitrary Tone E FT 


OE 


Ee a ee ee 


DEFT programs one of the four tone generator for arbitrary tone generation. The parameter 
is the frequency of the generated tone expressed in Hertz between 0 and 3600Hz. 


|___Field _—'|| Byte | Pos. | Value | Definition 
TONE_GEN_SL Hei Salt Oe le Index of the tone generator (3..0) 
TONE_FREQ_L a a. ee Low byte of the frequency 


TONE_FREQ_H 3 7..0 High byte of the frequency 
(internally masked with OF) 
TONE_SCALE 4 7..0 Amplitude scaling factor (high byte) 
3F gives the nominal amplitude 


DOSR 


Define Optional Status Report 
OA 


20 fe 30) 


DOSR specifies the address of the RAM variables to be monitored in the 3 locations 
STAOPT([0..2] of the dual port RAM. It also specifies the assignment within the 3 locations. 


[Fieid | Byte | Pos] Value | Definition SSS 


STA_OPT_ASS Index of the STAOPT destination 
STA_OPT_ADL a ee ee ee Low byte of source address 
STALOPT.ADH| 3 | 3.0 | | Highbyte of source address 
STA_OPT_HL 3 7 0 Select low byte of source 
1 Select high byte of source 
key SGS-THOMSON 
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DSIT 


Opcode: 
Synopsis 


Parameters 


Notes: 


FORM 


Opcode: 


Synopsis 


Parameters 


Notes: 


HSHK 


Opcode: 


Synopsis 


Parameter 


IDT 


Opcode: 


Synopsis 
Parameter 


INIT 


Opcode: 


Synopsis 


Parameter 
Notes: 


ST75C520 


DSIT 


Define Status Interrupt 
13 


a ea ee ee 


DSIT specifies the bit mask used with the STATUS[0] and STATUS[1] byte to generate an 
interrupt IT4 to controller. Each time a bit change happens in the status words, assuming 
the corresponding bit mask will be set, an interrupt will be generated. 


[Field | Byte | Pos | Vawe | __Definfion SS 
STAIT.MSKO| 1 | 7.0 | | Status{0] bit mask pattern 
sTAITMSKi| 2 | 7.0 | | Status[1] bit mask pattern 


The default IT Status is Ox3F for STATUS[0] and OxFF for STATUS[1]. 


FORM 


Select Transmission Format 


09 

PoTeTeToe Tite te Ta 

FORM defines the type of transmission used. This format is valid only in the parallel data 
mode. The default format, unless specified, is synchronous. 


| _Field | Byte | Pos. | Value | Definition 


X_SYNC Mit an Synchronous format 


Transmit continous "1" 
1. This format is only valid for the transmiter. 


HDLC framing ; 
Transmit continous "0" “ 


HSHK 


Handshake 


04 
a ea a a 


HSHK is used to command the ST75C520 to begin the transmit handshake sequence 
processing. The progress of the handshake is reported to the control processor. 
Non parametric command. 


IDT 


Identify 


14 
CWE tea ee ane See 


IDT Return the ST75C520 Hardware and Software release number. See paragraph VII.1.4. 
Non parametric command. 


INIT 


Initialization 


06 
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INIT forces the ST75C520 to reset all parameters to their default conditions and restart 
operations. 
Non parametric command. 


This command makes a software reset of the ST75C520 and so cannot have the regular handshake protocol It does 
not increment the COMACK, neither generate an Interrupt. 
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JSR 


Opcode: 


Synopsis 


Parameters 


MODC 


Opcode: 


Synopsis 


Parameters 


Notes : 


MR 


Opcode: 


Synopsis 


Parameters 
MW 
Opcode: 


Synopsis 


Parameters 
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JSR 


Call a Low Level Subroutine 


18 
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JSR allows to execute a part of the ST75C520 firmware with a specific argument. 


ie [ee [Pes vaue [inion 
eaDDAL | 1 | 7.0 |__| Lowbyte ofthe cal adaress 
ToADDRH [2 | 7.0 | | High byte ofthe ca adaress 
Tc patTaL | 8 | 7.0 [| Lowbyte ofthe argument 
TepaTaH [4 | 7.0 | | High byte ofthe argument 


Modify Configuration MODC 
21 
a a We 


MODC allows modification of the configuration for special purpose. This command has no 
effect while in data mode, the parameters are just sampled when starting to transmit or 
receive. The value of these parameters are not affected when sending a CONF command. 


ake a 
i Normal training, sequence 
Short training ‘” sequence 
Rascal FPT o. No echo protection tone 
Long echo protection tone (180ms) 
Short echo protection tone (30ms) 


1. Short train sequence must be preceded by at least one normal training sequence. 


| ee | SH 


MR 


Memory Read 


10 
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MR allows the reading of a 16-bit parameter. The parameter specifies the parameter 
address. 


Fieid@ [Byte [Pos [Value [—~—=efinition SS 
MRADDRL | 1 | 7.0 | | Lowbyteofthe 16-bit address 
MR_ADDRH | 2 | 7.0 | | Highbyte of the 16-bit address 


MW 


Memory Write 


12 
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MW allows the writing of a 16-bit parameter. The parameter specifies the address as well 
as the value to be transferred. 


[Fed [Byte [Pos | Vawe [Definition 
raaDDRL [1 [7.0 |__| Low byte ofthe te-st adores 
PwiADDR_H | 2 [7.0 | | High bye ofthe t6-t adaress 
rMw_vaLuEL [3 [7.0 | | Lowbyte ofthe te-titvalue 
rw-valueH| 4 [7.0 | | High bye ofthe te-itvalue 
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SERIAL 


Opcode: 


Synopsis 
Parameters 


Notes : 


SETGN 


Opcode: 


Synopsis 


Parameters 


SLEEP 


Opcode: 


Synopsis 
Parameter 


Notes: 


STOP 


Opcode: 


Synopsis 


Parameter 


Notes: 


Select Serial or Parallel Mode S E R [AL 
07 


pears ent eee a 


SERIAL defines the data path, i.e. either serial or parallel. 


| Field ~— | Byte | Pos. | value | Definition = 
TX_SDATA 1 0* Use serial link for Tx Data 
1 Use parallel link for Tx Data 
RX_SDATA 1 1 0* Use only serial link for Rx Data 
1 Use also parallel link for Rx Data 


The received Bits always go to the output pin RXD, even when the RX_SDATA bit ts set. 


Set Output Gain SETG N 
02 
Ree ae ae ae ee ee 


SETGN is a command which sets the scaling factor of the transmit samples. It is used for 
setting the output level or for setting the level of the tone generators. The gain value is given 
in the form of a 2’s complement 16-bit value. 


[Field [Byte [| Pos | Value | ‘Definition 
GAIN_L Low byte of the 16-bit gain value 
GAIN_H High byte of the 16-bit gain value 


Example 


Turn to Sleep Mode SLEEP 


03 


ES ( 
SLEEP is used to force the ST75C520 to turn to low power mode. 
Non parametric command. 


When receiving this command the ST75C520 will stop processing and so cannot have the regular handshake protocol. 
It does not increment the COMACK, neither generate an Interrupt. 


FAX Stop Transmitter STO P 


25 

a a 

STOP is used, in FAX Modes, to force the ST75C520 to turn off the transmitter in 
accordance with the corresponding ITU-T V.33/V.17/V.29/V.27 recommendation. 

Non parametric command. 

When receiving this command the ST75C520 will stop sending regular Data In parallel mode this command must be 


preceded by a XMIT Stop command. In parallel mode the ST75C520 will wait until all the transmit buffers are sent before 
starting the Stop sequence. 


G7 SGS-THOMSON ee NR 
SF MICROELECTRONICS 
373 


ST75C520 


SYNC 


Opcode: 


Synopsis 


Parameters 


TDRC 


Opcode: 


Synopsis 


Parameters 


TDRW 


Opcode: 


Synopsis 


Parameters 
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FAX Synchronize the Receiver SYNC 
26 
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SYNC is used, in FAX Modes, to force the ST75C520 to Start/Stop the receiver in 
accordance with the corresponding ITU-T V.33/V.17/V.29/V.27 recommendation.As soon 
as the ST75C520 receives the SYNC Start command it sets its receiver to detect the FAX 
sails signal. This command is the equivalent HSHK command for the receiver. 


ene [Pex [vane [ton 


RX_ Fatt i Stop receiver 
Start receiver synchronization 


Tone Detector Read Coefficient 


1A 
Ol ho a ee 


TDRC Read one Coefficient of the selected Tone Detector Cell. 


[re [ave Tres. [vate [pate 
TD_CELL Po 4 | 30 | OF | Tone detector cell number 


TD_C_ADDR ayy Biquad coefficient 


Energy coefficient 
The command answer is : Low Byte of Coefficient followed by High Byte of Coefficient. 


TDORW 


oie: Reserved 


Tone Detector Read Wiring 


TDRC Read Wiring of the selected Tone Detector Cell. 


[Fits | Byte | Pos | Vawe | —efinlion 
Tone detector cell number 


TD_W_ADDR 2 0 Biquad and energy input 
1 Comparator inputs 
Other Reserved 


The command answer is: 


a) If TD_W_ADDR =0: 
- First Byte is the Node Number of the Signal connected to Biquadratic Filter input. 
- Second Byte is the Node Number of the Signal connected to the Energy estimator input. 


b) if TD_W_ADDR = 1: 
- First Byte is the Node Number of the Signal connected to Comparator Negative input. 
- Second Byte is the Node Number of the Signal connected to the Comparator Positive input. 


Ayy, SRBokncnones 


TDWC 


Opcode: 


Synopsis 


Parameters 


TDWW 


Opcode: 


Synopsis 


Parameters 


Parameters 


Parameters 


TDZ 


Opcode: 


Synopsis 


Parameters 


ST75C520 


TDWC 


Tone Detector Write Coefficient 
sh: 


[Oh Oe a a ee 


TDWC Write one Coefficient of the selected Tone Detector Cell. 


ee 
| TD_CELL | CELL Tone detector cell number 
Energy coefficient 
Static level 
TD_COEFL Foe We ee Low byte of coefficient 
TD.COEFH | 4 | 7.0 | | High byte of coefficient 


TD_C_ADDR 7..0 Biquad coefficient 
Sine: Reserved 


Tone Detector Write Wiring 


1D 
a Ye ee ee 


TDRC Write Wiring of the selected Tone Detector Cell. 


[res Te Trem T va [atten 
TD | TD_CELL | ee eS Tone detector cell number 


TD_W_ADDR Biquad and energy input 
ine 


Comparator inputs 
lf TD_W_ADDR = 0 (Select Biquad and Energy Inputs) 


Reserved 
[Fis | Byte | Pos | vaue | Definition 
TD_W_ERN a aa Ee Energy estimator signal input 
TD_W_BIQ | 4 | | OF | Biquad filter signal input 


lf TD_W_ADDR = 1 (Select Comparator Inputs) 


[Field | Byte | Pos. | Value | —Definifon 
TD_W_CN | 3 | | o.3F | Negative comparator signal input 
TD_W_CP | oa |] oF | Positive comparator signal input 


TDZ 


Tone Detector Clear Cell 


1E 
Ieee ee Mee IL. ee 


TDZ Clears all internal variables of one Tone detector cell including Filter local variables 
and energy estimator. This command must be sent after changing coefficients of a cell to 
avoid instability. 


[Fie [byte [Pos | Vawe [Definition 


Tone detector cell number 
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TGEN 


Opcode: 


Synopsis 
Parameters 


TONE 


Opcode: 


Synopsis 


Parameters 


XMIT 


Opcode: 


Synopsis 


Parameters 
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TGEN 


Enable/disable Tone Generators 


OD : 
Fea a a a ee 


TGEN causes the ST75C520 to enable or disable the four tone generators. 


[Field | Byte | Pos. | Value | Definition 
TONE_O ENA 1 0* Generator #0 disabled 
1 Generator #0 enabled 
TONE_1_ENA 1 1 0* Generator #1 disabled 
1 Generator #1 enabled 
TONE_2_ENA 1 2 0* Generator #2 disabled 
1 Generator #2 enabled 
TONE_3 ENA | 3 0* Generator #3 disabled 
| Generator #3 enabled 


TONE 


Predefined Tones 


0C 
Fe oR ee 


TONE programs the tone generators for the predefined tones. The tone generators #0 and 
eventually #1 are reprogrammed with this command. Eventually the tone generator #0 
and #1 are enabled. Using a value not in the following table will disable tone generator #0 


and #1. 
| Field | Byte | Pos. | Value | Definition = 


TONE_SELECT i & 1336H2z) 


& 1209Hz 
Start/stop Transmission 


& 1336Hz 
01 
Fa PP a 


XMIT start or stop the transmission of the Parallel Transmit Data. This command work only 
if the Parallel Transmit Data mode has been selected with a SERIAL command. 


[fied | pve | pos | vaue [__Definvon 


TX_START e Stop transmission 
Start transmission 


AYs, BSonomones 
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Qo 
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KK 
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~] 
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N 


SO 


& 1633Hz 


— fo 
0 
—_ 
[o>] 
1S) 
Go) 
ze 
N 

— 


Ol 


DTMF * (941 & 1209Hz) 
DTMF # (941 & 1477Hz) 
Answer tone (2100Hz) 
Tone (1650Hz) 

Answer tone (2225Hz) 
Tone (1300Hz) 


MAMVUODYPOONDUPWM-O 


XMIT 


Vil - STATUS DESCRIPTION 


This appendix is dedicated to the ST75C520 re- 
porting features. in the following sections the com- 
mand acknowledge process and the report and 
status definitions are explained. 


VII.1 - Command Acknowledge and Report 


Vil.1.1 - Command Acknowledge Process 
(see Figure 1) 


The ST75C520 features an acknowledge process 
based on a counter COMACK. On power-on reset 
(or INIT command), this counter’s value is set to 0. 
Each time a command is successfully executed by 
the ST75C520, the acknowledge counter CO- 
MACK Is incremented. This allows a precise moni- 
toring of the command entered and avoids 
command collision. 


Figure 1 : Command Acknowledge Process 


CLEAR 
ANSWER 


EXECUTE 
COMMAND 


COPY ANSWER 
INTO 


COMREP 
| 


INCREMENT 
COMACK 


CLEAR 
COMSYS 


ASSERT 
INTERRUPT 
IT6 
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SET SYSERR 
ERR_IPRM 
ASSERT 
INTERRUPT 
ITO 


ST75C520 


In the case of a memory reading command (CR, 
TDRC, TDRW, IDT or MR) once the command 
entered is executed, the report area is filled and the 
acknowledge counter is incremented afterwards. 
This insures that the controller will read the value 
corresponding to its request. 


Furthermore, the ST75C520 resets the value of the 
COMSYS register once the command has been 
read. The interruption IT6 is raised just after the 
counter is incremented. 


VIl.1.2 - Reports Specification 


The report section of the Dual Port RAM is dedi- 
cated to memory reading. In response to a CR, MR, 
TDRC, TDRW, IDT commands, the value read is 
transferred to the report registers COMREP(0..1]. 


COMMAND EXIST 


ERR_IOCD 
| 
ASSERT 
INTERRUPT 
ITO 
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VII.1.3 - CR Command 


Issuing a CR command causes the ST75C520 to dump a specific memory location in complex mode. This 
instruction is particularly useful for equalizer state analysis or for software eye-pattern display. The report 
area has this meaning : 


(np? [Ape | APs [Apa [Aes [APE [AP [APO] coMmER(g 
[apr | pe | es |e | re | re | im | Po] comrenty 


RPO..RP7 is the MSB part of the 16-bit value of the real part and IPO..IP7 is the MSB part of the imaginary 
part. The CR command insures that the real and imaginary part of the desired complex value are sampled 
internally at the same time. The address given in the parameter field of CR is the address of the real part. 


Vil.1.4 - MR/TDRC/TDRW/AIDT Commands 

The report issued by the MR/TDRC/TDRW/IDT commands follow the same rules as for CR. The report 
meaning is : 

| oy | pe | os | om | ps | 2 {| ot | DO} © COMREP(O) 

| pis | pia | pis | oi | bit | bio | po | D8}  COMREP/] 


DO..D15 is the 16-bit value required by the MR/TDRC command. 


In the case of IDT, D15..D12 contains the product identification (2 for ST75C520), D11..D8 contains the 
hardware revision identification and D7..D0 contains the software revision identification. 


VII.2 - Modem Status 
VIl.2.1 - Modem Status Description 


The Status of ST75C520 is divided into 4 fields : 

- The error status byte SYSERR that provides information about error. This status can trigger an ITO 
interrupt, 

- The general status byte STATUS[0O] and STATUS[1] that contains all the modem signals. These status 
bytes can trigger an IT4 interrupt, 

- The quality status STAQUA, that contains the quality of the received transmission, 

- The optional status bytes STAOP[0], STAOP[1] and STAOP[2], that contains additional information 
regarding the ST75C520 operating mode. This default information can be changed to monitor any internal 
variables using the DOSR command. 


All these informations are updated on a Baud basis : 


V.28 (ul duplen 
1) 
as 


Notes : 1. The tone detectors outputs are update 800 times by second. 
2. This baud rate defines also, the maximum command rate. Each baud time the ST75C520 looks at the COMSYS location 
(addesss $00) to see if a command have been sent by the host processor. If the content of this location is different from zero the 
ST75C520 execute the command. 
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Starting at the adddress $08 the status area have the following format : 


~ eee ce a a ee 
E ae 


$08 | SYSERR |ERR_ATK| = 


$0B | STAQUA 

Depend on operating mode (see below) 
SoD | | 
S0E 


Vil.2.2 - Error Status 


The error status changes each time an error occurs. When the ST75C520 signals an error by setting one 
of the SYSERR bit, it generates an interrupt ITO. These bits can only be cleared by the host controler using 
the CSE command. 


The meaning of the different bits of the SYSERR byte is discribed below : 


SYSERR 
| Field Meaning when set 
ERR_TX 


Transmit buffer underflow. Loss of synchronisation between the host and ST75C520 
transmit data buffer managment. 

ERR_RX Receive buffer overflow. Loss of synchronisation between the host and ST75C520 receive 
data buffer managment. 


is 1 
ERR_IOCD 3 Incorrect CC! command 
ERR_IPRM Incorrect parameter for the CCI command 
7 


ERR_RTK Real time kernel error. ST75C520 not able to perform all its tasks within the baud period 
(transmit or receive samples lost). 


ViI.2.3 - Modem General Status 


The modem general status word is composed of two bytes STATUS[0] and STATUS[1]. Any bit change can 
generate an IT4 interrupt. Using the DSIT command allows the selection of the corresponding bit that will 


generate an interrupt each time they will change. The default pattern is $3F for STATUS[O} and $FF for 
STATUS[1]. 


The different bits have the following meaning : 


STATUS[0] 


|__Field | Pos. | Meaning when set 


STA_109 CCITT circuit 109 (carrier detect). Indicates that valid data are received. When 0 the output 
data RxD are clamped to constant mark. Valid only in modem mode. 


and that any data at TxD pin (serial mode) or in the transmit buffer (parallel mode) will be 
STA_RING 3 
| transition on the ring signal. 


STA_107 CCITT circuit 107 (data set ready). Valid only in modem mode. 

STA_106 2 CCITT circuit 106 (clear to send). Indicates that the training sequence has been completed 
transmitted. valid only in modem mode. 
Ring detected. A ring signal (from 15Hz to 68Hz) is present at the RING pin. Valid only in 
tones modes. The precise frequency can be read in the optional status byte STAOP2. The 
detection time is 1 period of the ring signal. The detection lost time in 20ms after the last 

STA_CPTO Call progress tone detector #0. Low pass filter 650Hz. Valid only in tones modes. 

STA_CPT1 Call progress tone detector #1. High pass filter 600Hz. Valid only in tones modes. 

STA_CPT10 P= ie Signal in filter #0 is highter than #1. Valid only in tones modes. 

STA_109F Fast Carrier Detect. Valid only in modem mode. 
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STATUS[1] 
STA_H Transmit synchronisation in progress. Valid only in modem mode 


STA_CCITT CCITT 2100Hz versus 2225Hz answer tone detect. Valid if STA_AT is set. Valid only in 
tones modes. 
G 


STA_AT za Answer tone (either 2100Hz or 2225Hz) detected. Valid only in tones modes. 


3 
STA_HR Receive synchronisation in progress. Valid only in modem mode. 


-| STA_FLA V.21 channel 2 flag detect. Valid only in FAX modem mode and tone mode. 


STA_DTMF DTMF digit detect. The digit itself is available in the optional status byte STAOP2. Valid 
only in DTMF receive mode. 


VII.2.4 - Quality Status 


The quality byte STAQUA monitors an evaluation of the line quality. It is updated once per baud and its 
value ranges from 127 (perfect quality) to O (terrible quality). This value is automaticaly adjusted according 
to the current receiving mode. Refer to the following chart to convert the value into its Bit Error Rate 
equivalence. 


Vil.2.5 - Optional Status 
According to the operating mode of the ST75C520 the optional status is displaying different informations. 


The optional status are automatically reprogrammed after each CONF command with the address of the 
variables to monitor according with the operating mode selected (CONF_OPER). After ihe CONF command 
the user must overwrite this default programming by using the DOSR command. 


Vil.2.6 - Default Optional Status in Tone Mode 
While in tone mode the format of the STAOP word is as follows : 


ae 


RING_PERIOD “ 


Notes : 1. RING_PERIOD ts valid when the bit 3 of the STATUS[0] (STA_RING) goes high. This value ts updated at each falling edge of 
the RING signal. The RING_PERIOD value must be divided by 2400 to obtain the period in seconds. 


2. TDTx Is the output of the tone detector x. 
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ViI.2.7 - Default Optional Status in DTMF Receiver Mode 
While in DTMF receiver mode the format of the STAOP word is as follows : 


ae ee eae are a ee 


Notes : 1. These cells are used by the DTMF detector. 


2. Prt eel a valid when the bit 7 of STATUS[1] (STA_DTMF) goes high. This value remains unchanged until a new DTMF 
igit is detected. 


VII.2.8 - Default Optional Status in Modem Mode 
While in modem mode the format of the STAOP word is as follows : 


|soc_| staopo | x | x | x 


STAOP1 Not used 


[soe [store [ PNSUGs | PRDETS [PNDETS | SORts | PRs | PNs | Pos [Pie 


Notes: 1. SPVAL Is active in V.33 receiver only at the same time as the rising transition of the SCRis signal. Went SPVAL is set, it 
indicates that the SPEED bits contain the data speed information. 


2. sr is valid in V.33 receiver only. It can have 2 values, after the SCR1s signal goes high : 1000 for 14400bps and 0111 for 
12000bps. 


3. The STAOP2 bit reflects the progression of the synchronization. The STAOP2 bits have the following meaning : 


Position Description 


| Name | 

i oa ae ee Unmodulated carrier sequence. Optional, used for echo protection. 

Continuous 180° phase reversal sequence X 
PNs Equalizer trainning sequence 


SCRis Continuous scrambled 1 sequence 
PNDETs Turned on after PN sequence detection ft ae 
PRDETs | 6 _| Turned onafter PR sequence detection (V.33 and V.17 only) a oe ae 


PNSUCs 7 Turned on after succesfull training of the receive equalizer. When on at 
the end of the synchronization, the transmition BER is statisticaly 
bellow 10ppm. 
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With the following timing : 


, Th Fo TS AS Ge ee 
SS j : ; : ' 4 


Transmit 
STA_H 


Pis 
P2s 
PNs 
PRs 


6 
SCR1s' 


Receive 
7 
STA_HR” 
STA_109F 
P2s 


PNDETs 


PNs 


PRDETs ") 


(2) 
PNSUCs 


SCRis 
STA_109 


RxData 


Cm [is [te [| | te | Unt 
[warsnot [19 [a0 | ee [sor [16 | o | | 5 | 7 | ms 
[v20 [ise [a0 [22 | sa | too | o | 2 | 5 | 7 | ms 
"Waa shon | ise [a0 | 2 | ai [| 2 [o | 8 | 5 | 7 | ms 


[var 4800 | 198 [eo | ae | | eo | 0 | s | s | 7 | ms 
[viz7 4800shon | 19 | a0 | 2 [9 | 36 | 0 | 5 | 5 | 7 | ms 
rT var2400 | 192 | a0 | a [a2 | aos [0 [7 [6 [7 | ms 
[v7 esoosnon | 192 | a0 | 22 | | 4 | 0 | 7 [6 | 7 | ms 
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Transmit 
STA_H 
Pis 
P2s 


PNs 
PRs 


SCRis” 


Receive 
(3) 


0 


STA_109F 


PNDETs ®) 
PNs 


PRDETs ”) 


PNSUCs®) 


STA_109 


Notes: 1. In the case of V.29 or V.27, PRs and PRDETs bits are not active. 

. PNSUCs indicates the quality of the Rx signal that will give a ber of approximation of 1e°. 
. After sending the command SYNCO, all bits are reset. 

When using long echo protection tone, otherwise 0. 

When using short echo protection tone, otherwise 0. 

. STA-106 is set at the end of T6 and reset at the beginning of T10. 


. After sending the command SYNC1, this bit is set. 


NOOAWD = 
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Vill- TONE DETECTORS 


Vill.1 - Overview 


The general purpose 17S75C520 tone detectors 
block is a powerful module that covers a lot of 
applications : 


- call progress tone detection, fully programmable 
for all countries, 

- DTMF detection, 

- FAX, voice, data automatic detection, 

- call waiting detection, while in voice or data mode. 


Vill.2 - Description 


The tone detector block is a set of 16 identical Cells. 
Each cell is composed of a Double Biquadratic 
Filter, a Power estimator section, a Static level and 
a Level comparator. 


Figure 2 : Biquadratic IIR Filter 


Each Biquadratic Filter, Power Estimator and Static 
Level can be programmed using a complete set of 
Commands (TDRC, TDRW, TDWC, TDWW, TDZ). 


The wiring between the different Cells can be de- 
fined by the user, using the associatedCommand 
allowing a wide range of applications. 


The 16 Comparator Outputs give, on a baud basis, 
the information into two 8 bits words TONEDETO 
(for cells number 0 to 7) and TONEDET1 (for cells 
number 8 to F). These TONEDET variables can be 
accessed using a MR command or, more easily, 
monitored on a baud basis using the DOSR com- 
mand. 


Vill.2.1 - Biquadratic Filters 

Each Biquadratic Filter is a double regular section 
that can perform any Transfer function with 4 Poles 
and 4 Zeros. This routine is run on a sample basis. 


The corresponding transfer function is : 


Out _ Co 


Input — 


(C5+2-C3-271+2-C4-z° 
1-2.Ci-z7'-2.c2.z* 


(CB+2-C9-z'+2-CA-z™ 3 
1-2.C7.27'-2.C8.z* 


Note: All coefficients are coded on 16 bits 2’s complement in the range +1, -1 (Q15). To avoid the possibility of overflow the user must check 
that the intemal node must not be higher that 0 5 (in Q15 representation). 
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VIll.2.2 - Power Estimation 

The Power estimation Cell is needed to measure 
the amplitude of the different tones. It is run ona 
sample basis. 


Figure 3 : Power Estimator 


The corresponding transfer function is : 


Out = | Input | a i, 


1-(1-P1)-27 


VIII.2.3 - Static Level 

A single Threshold level is associated with each 
Cell. It can be use to compare the output of a Power 
Estimation with an Absolute Value. 


VIll.2.4 - Comparator 

The Comparator computes, on a baud basis, the 
difference of the signal on its Positive and Negative 
Inputs. If the result is Higher that zero it sets the 
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corresponding bit into the TONEDET(0..1] word; if 
not it clear this bit. 


VIIL2.5 - Wiring 


The user must specify the connection (wiring) be- 
tween the input/output of the Filter, the input/output 
of the Power estimator, the output of the-static 
levels and the two inputs of the Comparators. 


The output signals have an absolute address: 


|Ground | 00_| Signal always equal to 0000 _| 
Analog front end 


1 
|| 04..0F 
Filter[O..F] 10..1F | Biquadratic Filter Outputs 

eke 


Power(0..F] | 20..2F | Power Estimator Outputs 
Level(0..F] | 30..3F | Static Levels 


The user will specify the inputs of the filters, Power 
and Comparator. At least one input must come from 
the RxSig (node 01, 02 or 08). It is mandatory to 
connect all unused cell inputs to the Ground signal 
(node 00). 
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Figure 4 : Tone Detector Wiring Address (first half) 
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Figure 5 : Tone Detector Wiring Address (second half) 
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VIIL.3 - Example 

Hereunder is an example of programming a single Bit 4 of the TONEDET variable will be on each time 
Tone detection (using Cell #3) and a complex dif- a receive signal has an energy higher than the 
ferential tone detection (using Cell #4 and #5). Static Level number 4. Bit 5 will be on only when 


Bit 3 of the TONEDET variable will be triggered the Filtered (Filter section 4 and 5) received signal 
each time the energy of that filtered signal is higher higher than the energy of the wide-band signal 
than Static Level number 3. number 4 ; this prevents triggering on noise. 


Figure 6 : Wiring Example 
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LEVEL #3 
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LEVEL #5 
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Program Cell #3: 


TDWW 03 00 13 01 
Connect Received signal to Filter and Filter to Energy. 
TDWW 03 01 33 23 


Connect Level to Comparator Neg Input and Energy to Pos Input. 


Program Cell #4 and #5 : 


TDWW 04 00 01 01 
Connect Received Signal to Filter and Energy. 

TDWW 04 01 34 24 
Connect Level to Comparator Neg Input and Energy to Pos Input. 
TDWW 05 00 15 14 
Connect Filter#4 Output to Filter and Filter to Energy. 

TDWW 05 01 24 25 


Connect Wide-band Energy to Neg Input and Energy to Pos Input. 


IX - BUFFER OPERATIONS 
IX.1 - Introduction 


This appendix is dedicated to buffer operation, either the data buffers used in data exchanges or in particular 
Modes (like Voice). 


The first part is oriented towards a functional description of the buffer operation, while the second section 
is more oriented towards the management of the buffers. 
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IX.2 - Receive Operations Overview 
Figure 7 describes the receive data flow. 


The ST75C520 can handle the following types of 

format for the data : 

- parallel synchronous mode : 8-bit words are syn- 
chronously available in the receive buffers. The 
buffer status holds the number of valid bytes 
received, 

- parallel HDLC framing mode : 8-bit data is avail- 
able in the receive buffers. Framing information 
(like flags, CRC, additional "O") is interpreted by 
the ST75C520 and reported when necessary in 
the receive buffer status (CRC error, aborted 
frame, framing error, etc). This feature greatly 
eases the implementation of protocols as well as 
FAX data management. 


Each time the receive deframer has filled up a new 
buffer, it sets the corresponding flag with the proper 
status then generates the IT3 interrupt. The avail- 
ability of the buffers is tested just before starting to 


Figure 7 : Rx Buffer Schematics 
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Figure 8 : Tx Buffer Schematics 
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fill them. This further means that the host must not 
perform any buffer operation on the data part while 
the status remains 0. 


IX.3 - Transmit Operations Overview 


Figure 8 describes the transmit data flow. The 

following modes are available : 

- parallel synchronous mode : 8-bit words are syn- 
chronously read from the transmit buffers. The 
transmit status buffer holds the number of valid 
bytes to be transmitted (up to 8 per buffer), 

- parallel HDLC framing mode : 8-bit data is re- 
ceived from the transmit buffers. Framing infor- 
mation (frame open, frame close, frame abort, 
number of byte per buffer) is carried by the trans- 
mit buffer status and processed by the 
ST75C520. CRC, padding and other operations 
are automatically handled by the ST75C520. 


Each time the transmit framer has emptied a buffer, 
the IT2 interrupt is raised. 


ERROR RX 
(SYSERR) 


IT3 


RX BUFFER 
STATUS 


RX DATA 

BUFFER 

SERIAL 
OUT 


ERROR TX 
(SYSERR) 


IT2 


TX BUFFER 
STATUS 


TRANSMITTER 


FRAMER 


TRANSMITTER 
DATA 


Ky rae edd 


TX DATA 
BUFFER 


SERIAL 
IN 
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IX.4 - Buffer Status and Format Description 


The following section describes the meaning and 
use of the buffer status words. 


IX.4.1 - Transmit Buffer 


The transmit buffer status words are DTTBSO and 
DTTBS1 (see the Host Interface Summary sec- 
tion in the main document) and are more likely to 
be seen as control words. These words must be set 
by the host and are reset by the ST75C520. The 
data buffer exchanges are synchronized through 
these status words, (see Buffer Status and format 
description) an improper setting will trigger the error 
Err_Tx in the error status SYSERR. A value of 0 for 
DTTBSO or DTTBS1 means that the corresponding 
buffers are empty : this value is written by the 
ST75C520. The unused bits of DTTBSx must be 
set to 0 by the host. 


In FSK Mode, when working in the parallel data 
mode, the transmitter expands each bit to the nomi- 
nal baud time (1200HZ/300H2/75Hz). 


IX.4.2 - Synchronous Mode 
[Field | Pos. | Val._ 


1X.4.3 - HDLC Framing Mode 


M 
(Pos. | Val | Description 
BUFF_LENG 1 


Number of valid 
bytes in the buffer 


d 
al. 
..8 | Number of valid 
bytes in the buffer 
BUFF_SFRM Data stream 
1 Start of frame 
BUFF_EFRM 5 0 Data stream 
1 End of frame 
BUFF_FRAB 0 Normal process 
1 Abort frame (no 
data in buffer) 
IX.5 Receive Buffer 
The receive buffer status words are DTRBSO and 
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DTRBS1 (see the Host Interface Summary sec- 
tion in the main document). These flags are set by 
the ST75C520 and must be reset by the host. The 
data buffer exchanges are synchronized through 
these status words, an improper resetting will trig- 
ger the error Err_Rx in the error status SYSERR. A 
value of O for DTIRBSO or DTRBS1 means that the 
corresponding buffers are empty : this value must 
be written by the host. 


In FSK or V.21 Channel 2 Mode, when working in 
the parallel data mode, the receiver extract each bit 
using the nominal baud rate 
(1200HZ/300H2/75Hz). 


IX.5.1 - Synchronous Mode 


[Field | Pos. | Val | Description 
BUFF_LENG 3..0 1..8 | Number of valid 
bytes in the buffer 
IX.5.2 - HDLC Framing Mode 


| Field | Pos. | Val_| Description | 


BUFF_LENG | 3..0 1 Number of valid 
bytes in the buffer 


8 
BUFF_ERRS 5..4 00 No error 
01 CRC error 
10 | Non byte-aligned 
frame 
11 Aborted frame 
BUFF_SFRM 0 Data stream 
1 Start of frame 
BUFF_EFRM 7 0 Data stream 
1 End of frame 


IX.6 - Data Buffer Management 


Figure 9 shows the general flow chart for transmit 
data buffer management. In the transmit path, the 
data buffer exchanges should always begin with 
the filling of buffer 0, then with the update of the 
buffer O status word. The initiation of the data 
exchanges is initiated then with the XMIT com- 
mand. 


kyz 363 THOMSON 


ST75C520 


Figure 9 : Buffer Operations Synchronization 


Tx MAIN PROGRAM INTERRUPT ROUTINE 


INTERRUPT 


NEED TO 
TRANSMIT 


*: 


FILL BUFFER 
#IBUFF 


FILL BUFFER #0 


UPDATE STATUS 
UPDATE STATUS BUFFER #IBUFF 


BUFFER #0 


y 


CLEAR IT2 
IBUFF = 1 


*«, 


y TOGGLE IBUFF 
XMIT ON 


ENABLE IT2 


‘ 106 OFF or 


ERROR TX 


DISABLE IT2 


XMIT OFF 


CSE ERRTX 
(only if ERR) 


Rx MAIN PROGRAM INTERRUPT ROUTINE 


INTERRUPT 


READ BUFFER 
#IBUFF 


WRITE $00 
IN DATA STATUS 
WRITE $00 IN BUFFER #IBUFF 
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DISABLE IT3 
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X - DEFAULT CALL PROGRESS TONE DETEC- XI - DEFAULT ANSWER TONE DETECTORS 
TORS 


Figure 10 : Call Progress Tone Detector Band 1 Figure 12 : 2100Hz Answer Tone Detector 


ie af : 
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Hz 
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75C52015 TIF 


—— Always On -+- Always Off 


Figure 11 : Call Progress Tone Detector Band 2 Figure 13 : 2225Hz Answer Tone Detector 


5 : 
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—— Always On “t+ Always Off 


Xll - ELECTRICAL SCHEMATICS 


Oscillator 


When using a third harmonic crystal oscillator in series resonance mode (Rs < 40Q, Co = 6pF, Pe = 0.1mW), 
we recommend the following schematic : 
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XII - ELECTRICAL SCHEMATICS (continued) 
Figure 14 
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XIll - PCB DESIGN GUIDELINES 


Performances of the FAX modem depends on the under components on both sides of the band and 
ST75C520 intrinsic performances and on the connect to avoid small islands, 

proper PC board layout. All aspects of the proper - both AGNDR and AGNDT must be connected 
engineering practices, for PC board design, are with very low impedance to a single point, (see 
beyond the scope of this paragraph. Chapter |.7, Power Supply), 

We recommend the following points : - the two 2.2nF capacitors connected to the RXA1 and 


RXA2 Pins must be as close as possible to them, 
Separated digital ground and analog ground, con- - the two 100nF capacitors connected to the VRerpand 


nected together at one point, as close as possible VreFN pins must be as close as possible to them, 
to the ST75C520, - analog and digital supplies must be connected 


. together, at a single point, as close as possible to 
- ina 2-layer PC board : 
Provide a ground grid in all space around and the chip (see Chapter 1.7, Power Supply). 


- ina 4-layer PC board : 
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TYPICAL APPLICATION 


(third harmonic series 
resonance oscillator) 


0 +5VA 


704 C5 
100nF | 10uF 
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sams 
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22 
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Notes : All capacitor with a "*" must be implanted close to the ST75C520 pin. 
All signal name ending with a "1" are active low. 
R3, R4, R5, R6 are needed if the hybrid will sink a current on Vem. 
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COMPUTATION OF TONE DETECTOR COEFFICIENT 


AND HOW TO CHANGE THEM 


Computation of Tone Detector Coefficients using Mathcad Software .............. 
Computation of Tone Detector Coefficients using TD Software................... 


DTMF DETECTION 


DEFAULT TONE DETECTOR 
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| - PRELIMINARY 


The ST75C52/520 includes FAX, modem and voice 
modes. 


In FAX mode the chip works as a G3 synchronous 
half-duplex modem including all the possibilities to 
work on the public telephone networks. With a 
microcontroller (such as SANYO LC82141) a com- 
plete G3 facsimile system can be built including all 
the functions (image processor, motor interface, 
PIO...). Tones can be sent or detected using pro- 
grammable tone generators and detectors. 

In Modem mode FSK full-duplex communications 
using V.23, V.21, Bell 103 modulation/demodula- 
tion on PSTN or leased lines are possible. 

In voice mode the user can record or send mes- 
sages using PCM A-law standard. 


Tones (DTMF...) can be sent and/or detected. 


This component satisfies the communication re- 
quirements specified in ITU-T recommandations 


IMAGE MEMORY 
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v.33") v.17, v.29 (T104), V.27 ter (with short train), 
V.21 ch2, V.21, V.23, or Bell 103 and communica- 
tion at a data rate of 14400, 12000, 9600, 7200, 
4800, 2400, 300, 1200/75 is possible. 


_ Convention : 


- default value or parameter will be followed by a*, 

- all addresses are in hexadecimal, 

- all numbers starting with a $ are hexadecimal, 
% are binary numbers, others are decimal num- 
bers, 

- bold italic words refer to key words used in the 
ST75C52/520 Data Sheet. 


Note 1: ca ST75C52/520 only supports V.33 tn a half duplex 
mode. 


1.1 - FAX Architecture 


The Figure 1 is an example of facsimile system 
(using thermal printer type) built with the 
ST75C52/520. 


‘| sT75C52 


To Key Matrix 
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li- FEATURES 
ll.1 - Basic Functions 


The ST75C52/520 provides the following func- 

tions : 

- modulations for FAX implementation : ITU-T V.17, 
V.29, V.27 ter, V.21 che, 

- basic low speed full duplex FSK modulations for 
special applications (VIDEOTEX, ...) : 

ITU-T V.23, V.21 and BELL 103, 

- high speed modulations for faster FAX equip- 
ments : V.17, V.33 with the possibility to use the 
standard carrier frequency of 1800HZz or an op- 
tional frequency of 1700Hz, 

- the optional short train sequence can be used in 
V.17 (for FAX equipment), V.29 (T104) recom- 
mendation) and V.27 ter for high speed 
VIDEOTEX application, 

- integrated implementation on one single Digital 
Signal Processor (DSP) chip including intergrated 
Delta Sigma Modem Analog Front End (MAFE), 

- single 5V power supply, 

- a low power mode provides the possibility to 
reduce the power consumption till 5mW (typ), 

- the DSP firmware allows a lot of operations such 
as: 

- full implementation of the V.17,V.33,V.29, 
V.27 ter handshakes, 

- real time status monitoring and full diagnostic 
capability, 

- auto dial and auto answer capability, 

- programmable tone detection and FSK V.21 flag 


Figure 2 : Functional Diagram 
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pattern detection during high speed reception, 

- programmable call progress and call waiting 
tone detectors including DTMF, 

- programmable tone generators (DTMF and oth- 
ers), 

- programmable class detection capability, 

- voice mode using A-law to record or send mes- 
sages, 

- full implementation of the HDLC protocol. 


- the analog interface provides a wide dynamic 
range (> 48dB), 


- initialisation and managment of the ST75C52/520 
with commands given though the Dual Port Ram 
(DPR) interface, 

- aversatile User Interface proposes different pos- 
sibilities : 

- data transmission/reception with serial interface 
or with parallel interface, 

- parallel mode in synchronous transparent mode 
or in HDLC mode using in both cases 2x8 bytes 
data buffer in transmission and 2x8 bytes data 
buffer in reception, 

- connection with 8-bit data processor (both MO- 
TOROLA or INTEL timing), 

- synchronization between the ST75C 52/520 and 
the host processor by using interruption mode 
for different functions (transmission, reception, 
error detection, status managment, command 
acknowledge), 

- two 8-bit DACS for constellation display without 
any external components. 


it. V.17, V.2 as 68 


" | FAX TRANSMITTER 


DPLL 
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lI.2 - System Architecture 


Figure 3 shows the basic connection between the 
ST75C52/520 and the different elements : tele- 
phone line interface, processor, synchro- 
nous/asynchronous serial, ... 


Power 


The modem/fax chip requires only one +5V Digital 
and Analog supply. 


Hybrid and Telephone Line Interface 


The sigma delta convertor provides the carrier on 
TxA1 and TxA2. The far end carrier will be received 
on RxA7 and RxAz2. Both transmit and receive path 
are differential for better performance at low level. 
A hybrid interface must be used to connect the 
analog interface to the telephone line interface. At 
this point the hybrid interface and the line interface 
will be adjusted to meet the different technical 
requirements in each country (for example the ref- 
erence impedance for the return loss can be real or 
complex, DC current features will be different ...). 
The incomming call detection could be easily facili- 
tated using the RING deiection of the 
ST75C52/520. 


Serial Interface 
Data communications in both half duplex and 


Figure 3 : System Connection 
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fullduplex modes are possible using the serial in- 
terface. The serial interface is optional since all the 
operations can be done through the DPR in parallel 
mode. 


Processor Interface 


Signals provide the possibility to use 8-bit data 
processors with both mode MOTOROLA and IN- 
TEL type. The processor can control the hardware 
initialisation with the RESET Pin. synchronization 
during read or write access are done with the 
SDTACK signal. Main program processor can be 
interrupted for special or priority purpose (data 
reception, status change...) with the SINTR signal. 
Both SDTACK and SINTR are open drain signals 
(external resistors must be installed) and must be 
tied to Vpp with 10kQ for SINTR and 470Q for 
SDTACK. 


Oscillator 


The ST75C52/520 provides the possibility to use a 
crystal on EXTAL and XTAL pin or an external 
oscillator can be used and connected to EXTAL pin. 
The nominal value is CLK = 29.4912MHz. When 
using a crystal we recommend to install a third 
harmonic quartz which is cheaper than a funda- 
mental quartz. CLKOUT gives the internal 
ST75C52/520 (14.7456MHz or CLK/2). 
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11.3 - Operations 


In this chapter we remind the user the main opera- 
tions performed with the ST75C52/520. 
Refer to the others chapters for more details. 


11.3.1 - Modulation Method, Transmission 
Speed, Carrier Frequency 


The modem implementation is fully compatible with 
current FAX modulation recommendations. 

The modulation can be either Trellis Coded Modu- 
lation (TCM) as in V.17 14400, 12000, 9600, 7200 
bps rates, Quadrature Amplitude Modulation 
(QAM) as in V.29 9600, 7200, 4800 and Differential 
Phase Shift Keying (DPSK) as in V.27 ter 4800 and 
2400bps rates. 

Frequency Shift Keying (FSK) modulations are 
also supported for V.21 ch2 300bps rate, full duplex 
V.21 300/300bps rates, full duplex V.23 75/1200 
and 1200/75bps rates and BELL 103 300/300bps 
rate. 


The Table 1 summarizes the different modes with 
their features. 


11.3.2 - Transmitter Description 


Data coming from the Data Terminal Equipment 
(DTE) both in parallel mode or in serial mode pass 
through the following modules shown on the Fig- 
ure 4. 

The different steps in transmission are : 

- scrambling the data (scrambler block), 

- coding the scrambled information (Diff encoder 

and trellis encoder block), 


Table 1 


V.33/V.17 14400 TCM 1700 a 
1800 (1 
V.33/V.17 12000 1700 (2) 


1800 (1) 


V.17 7200 TCM 


V.29 9600 


V.21 Low 


V.23 Low 
V.21 ch2 


Notes: 1. ITU-T recommended carrier 
2. Optional carrier 


(te [man [=| EE | |S 
ca ar i ae 

41800 (1) 

1800 (1) 
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1200 
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- conversion from real encoded data to complex 
encoded data (Signal mapping block), 

- pulse shaping in a dedicated filter to avoid symbol 
interference (Pulse shaping block), 

- modulation over the required carrier. After that we 
keep the real part of the signal, 

- improve performance by using compromise 
equalizer (Comp equalizer block). Three compro- 
mise equalizers are available, 

- selection of transmit gain, 

- digital to analog conversion with a sigma delta 
convertor (D/A block). 


11.3.3 - Receiver Description 


The received carrier coming from the line is passed 
through the following modules showed in the Figure 
5. 


The different steps in reception are : 

- analog to digital conversion with a sigma delta 
convertor (A/D block), 

- filtering of the received information (RCV filter 
block) with result given on complex format, 

- automatic control of the gain in reception (AGC 
block), 

- equalization due to line impairment (equalizer 


_ block), 


- slicer which gives real data for the decoder, 

- decoder using first a Viterbi decoder (Viterbi de- 
coder block) and second a differential decoder 
(diff decoder block), 

- descrambling the data to obtain the initial sent 


data. 
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Figure 4 
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Figure 5 


-- F Analog Signal ——> Complex Data 


lI.3.4 - Tone Generator Description 


Four tones can be simultaneously generated by the 
ST75C52/520. The tones are determined by their 
frequencies and by the output amplitude level. Aset 
of specific commands is also available for DIMF 
generation (using two of the four generators avail- 
able). 


11.3.5 - Tone Detecior Description 


Sixteen tones can be simultaneously detected by 
the ST/75C52/520. Each of the tones to be detected 
is defined by the coefficients of a 4th order program- 
mable IIR filter. Detection thresholds are also pro- 
grammable from -45dBm up to -10dBm. DTMF 
detection is also available and is performed by a 
specific filter section that requires no programming. 


li.3.6 - DTMF Detector Description 


A DTMEF Detector is included in the ST75C52/520, 
it allows detection of valid DTMF Digits. A valid 
DTMEF tone is defined as a dual Tone with a total 
power higher than -35dBm, a duration higher than 
40ms and a differential amplitude within 8dB (nega- 
tive or positive). 
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11.3.7 - Voice Mode 


The ST75C52/520 voice mode allows the imple- 
mentation of enhanced telephone functions like 
answering machines. The incoming voice is sam- 
pled at a rate of 9600Hz. The samples, received 
from the line are PCM A-law coded and written into 
the dual port RAM. The outgoing samples are de- 
compressed using the same A-law and output to 
the telephone line. 


11.3.8 - Analog Loop Back Test Node 


In any transmission standard and serial data for- 
mat, the ST75C52/520 can be configured for ana- 
log loop back test. This mode of operation is for test 
purposes only. 


11.3.9 - Low Power Mode 


A sleep state can be obtained by a SLEEP com- 
mand. This is very interesting to reduce power 
consumption when no activity is detected by the 
processor in charge of the fax system equipment. 
The ST75C52/520 can be awakened with the RE- 
SET signal or the RING signal, or a dummy write 
into the Dual Port Ram. An interruption can be sent 
by the ST75C52/520. 


The ST75C52 can only be awakened with the 
RESET signal. 


ON 


75C52-30 EPS 


75C52-31 EPS 


1.3.10 - Reset 


After a hadware reset, or an INIT command, the 
ST75C52/520 clears all its internal memories, 
clears the whole dual RAM and starts to initialize 
the delta sigma analog convertors. As soon as 
these initialization are completed, the 
ST75C52/520 clears the dual RAM address 0 
(COMSYS), generates an interrupt /76 (command 
acknoledge) and is programmed to send and re- 
ceive tones, the bit clock and the sample clock are 
programmed to 9600Hz. The total duration of the 
reset sequence is about 5ms. After that time the 
ST75C52/520 is ready to execute commands sent 
by the host micro-controller. 


We suggest that the RESET signal is managed by 
the host micro-controller using a general purpose 
output port. In such a case the RESET signal could 
be equal to 0 till the micro-controller initialize it to 1 
at the entry point of the main program, and software 
initialization couid be done both by the RESET or 
the INIT command. 


Figure 6 
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For a hardware reset the signal RESET must be 
tide to GND at least 700ns (see Figure 6). 


1.3.11 - Analog Interface 


The modem designer must provide a proper hybrid 
interface to the ST75C52/520. Analog hybrid exam- 
ples are given in this User’s Manual. The inputs and 
the outputs of the MAFE are differential, achieving 
thus a better noise immunity. The D/A converter 
output amplifier includes a single pole low-pass filter, 
its cut-off frequency is : Fc -3dB # 19200Hz. 
Continuous-time filtering of the analog differential 
output is necessary using an off-chip amplifier and 
a few passive components. 


1.3.12 - Host Interface 


The host interface is seen by the micro-controller 
as a 64x8 RAM, with additional registers accessible 
through a 7-bit address space. A selection pin 
(INT/MOT) allows to configure the host bus for 
either INTEL or MOTOROLA type control signals. 


Software initialization 


A 


700ns 
RESET 
700ns i 
<< —___——— > 


Entry point of the main program 


Note: 


ll.4 - Hardware Block Diagram 
Figure 7 
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Table 2 : Pin Connections 


[PinWame [Type | Pin Number 
tere [Output 
Dees input i 
[testa | Tobelettopen [4 
[test1 | Tobelettopen | 5 
Tevey [Output 
[end [Ground 
Von | Dita sv 


Input 10 
Input 
Output 
Output 
CLK Output 
Rx Output 
Input 
SAO Input 


as 


ie) 


16) 


ft 


on 


4 
NO 


CTS 


QO 
1) 


|| 2 
[S) a2 


— | 
-} Oo 


+ 
x< 
a 
a 


he) ine) — | a] oa] a4 
NM] )/Oo};oO;a o> me) — _ 


oO 


“J 


O 
wo 


N 


Input / Output 


8 
SAS 20 
22 
24 
Vop 2 
2 
27 
SD2 2 
| Input/Output 

SD4 3 
3 

|_Input/Output 


SD6 Input / Output 3 
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lil - G3 FAX EQUIPMENT 
itl.1 - T.30 Protocol 


The ITU-T recommendation T.30 explains the pro- 
cedures for the facsimile transmission over the 
public telephone network. The recommandation 
describes how to initiate, transmit (receive) and 
close a fax communication. 

T.30 recommandation uses five phases called A, B, 
C,D,E. 


Phase A : communication establishment 

PhaseB : preliminary operations for 
indentification , request and 
recognition of the possibilities (group, 
speed, resolution, ...) 

Phase C : high speed message transmission 
with eventually phase adjust and 
synchronization 

Phase D : post-message procedure including 
end message, confirmation and 
procedures for multiple documents 

Phase E : end of communication 

lll.1.1- Phase A 


Four methods are possible for the establishment 
(manual to manual, manual to automatic, automatic 
to manual, and automatic to automatic). Manual 
means a human action while automatic means a 
machine attempt. 

Here are details for an automatic to automatic 
establishment (usually done by complete facsimile 
system). 

Calling Unit 
Off-Hook 

Dialtone detection 
Dials the Fax number 
Sends the calling tone Incoming call detec- 
(CNG tone at 1100Hz) and tion off-Hook sends 
waits to the answer tone the answer tone (CED 
(CED tone at 2100Hz) at 2100Hz) 

Remark : some of manufactures wait for the pre- 


amble (HDLC flag with V.21 ch2 modulation) in- 
stead of the CED tone. 


Answering Unit 


111.1.2 - Phase B 


The preliminary procedure uses the following se- 

quence : 

- the answering unit sends the preamble, the iden- 
tification signal, 

- the calling unit waits for the preamble, identifica- 
tion signal and answers with a command signal, 

- the transmitting unit sends a training at high 
speed (V.17 or V.29 or V.27 ter), 

- the receiving unit answers to confirm that the 
training was correct. 
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The identification, command and answer signals 
are sent using HDLC protocol over V.21 ch2 Fre- 
quency Shift Keying (FSK) modulation. 

The preamble is a series of HDLC flags during one 
second +15%. 


Remark : Identification, command and answer sig- 
nals are called normalized HDLC frames. Some 
others frames which are optional can be sent in- 
cluding special information (FAX phone number...) 
before the identification signal. 


Here is an example for phase B where the calling 
unit wants to send page(s). 


Calling Unit 

Detect carrier 

Get preamble 

Get DIS frame 

Detect loss of carrier 
Send V.21 ch2 carrier 
Send preamble 


Answering Unit 
Send V.21 ch2 carrier 
Send preamble 

Send DIS frame 

Cut off carrier 

Detect carrier 

Get preamble 


Send DCS frame Get DCS frame 

Cut off carrier 

Set up to high speed Set up to high speed 
Send V.17 carrier Detect V.17 carrier 
Send TCF data Get TCF data 


Cut off carrier 
Detect carrier 
Detect preamble 
Get CFR frame Send CFR frame 
Detect loss of carrier Cut off carrier 


DIS frame : Digital Identification Signal (DIS) sent by 
the answering unit to inform the calling unit about its 
possibilities (group, data rate, resolution...). 


DCS frame : Digital Command Signal (DCS) sent 
by the calling unit to inform the answering unit about 
the choices for this facsimile communication. 


TOF : Training Check Frame (TCF) sent by the 
calling unit. During TCF the calling unit sends a 
series of zeroes for a time duration of 1.5s +10%. 


CFR : Configuration to Receive (CFR) is sent by 
the answering unit to inform the calling unit of a 
complete successful preliminary procedure (go to 
phase C). In case where the training fails the an- 
swering unit will send the Failure to Train frame 
(FTT) instead of the CFR frame. In such a case the 
protocol goes to the DCS step untill the CFR is 
received by the calling unit. 


Send V.21 ch2 carrier 
Send preamble 


11.1.3 - Phase C 


After completed training in phase B the data are 
transferred at high speed. The data are com- 
Pressed with the standard Modified Huffman (MH) 
or Modified Read (MR) algorithm before being sent. 
At the receive end the data will be decompressed. 


fey SGS-THOMSON ZS 
SA incROELECrRomcs 


405 


ST75C52 USER’S MANUAL 


Phase C starts with End of Line (EOL) character. 
The data following the first EOL until the end of the 
line. Anew line begins with another EOL character. 
Six EOL characters mean the end of the document 
transmission and Return To Control (RTC) com- 
mand. 


Normally data are sent in the high speed (V.17 or 
V.29 or V.27 ter) mode in phase C but a classifica- 
tion signal in the low speed mode (V.21 ch2 with 
HDLC) may be sent if the handshake fails (CFR 
was sent by the answering unit but not received by 
the calling unit due to line distortion...). In such a 
case the calling unit will return to the procedure to 
perform DCS (Digital Command Signal). There- 
fore, the facsimile must wait in high speed mode 
and with low speed flag detection active. 


Calling Unit Answering Unit 
Send V.17 carrier Detect carrier 
Send page data Receive data 


Cut off carrier Detect loss of carrier 


11.1.4 - Phase D 


Phase D determines whether to terminate or con- 
tinue Data Tranmission using the HDLC protocol 
using V.21 ch2 modulation. 


Typically the calling unit will send End Of Message 
(EOM) or Multiple Page signal (MPS) or End Of 
Procedure (EOP) signal. The answering unit re- 
sponds to an EOM, MPS or EOP signal with a 
Message Confirmation (MCF) command. 


EOM frame : Informs that it is the end of the page 
and asking for parameters renegotiation, the proto- 
col FAX goes to phase B. 


MPS frame : Signals to the answering unit that 
there are more pages. 


EOP frame : Signals to the answering unit the end 
of the data transmission (no more pages). 


Here is an example with the End Of Procedure 
signal sent by the calling unit. 


Calling Unit 

Send V.21 ch2 carrier 
Send preamble 

send EOP frame 

Cut off carrier 

Detect carrier 
Receive preamble 
Get MCF frame 
Detect loss of carrier 


Answering Unit 
Detect carrier 
Detect preamble 
Receive EOP 


Send V.21 ch2 carrier 
Send preamble 


Send MCF frame 
Cut off carrier 
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11.4.5 - Phase E 


Phase E is executed with an HDLC format cutoff 
command signal (usually Disconnect (DCN) com- 
mand). 


Calling Unit 
Send V.21 ch2 carrier 
Send preamble 


Answering Unit 
Detect carrier 
Detect preamble 


Send DCN frame Receive DCN 
Cut off the carrier 
Hang up Hang up 


Ill.2 - G3 Transmission (Setup and Training) 
11.2.1 - Transmit in High Speed Mode (HMM) 


The high speed mode uses V.17 or V.29 or V.27 ter 
ITU-T standards. For each modulation method 
more than one data rate is possible but only one 
will be chosen at the end of phase B. We simply 
summarize hereafter the different possibilities for 
every modulation. The parameters (P1 to P4) for 
the CONF command are given too. 


Be careful that the V.17 long train is only used at 
the first time (in PHASE B) when sending the TCF 
signal. After that the short train option must be used. 
To select the short train sequence use the MODC 
command with the first parameter equal to $40 and 
to select the long train sequence use the same 
command with the first parameter equal to $00. 


In this example we do not select the transmit equal- 
izer, the RTS signal is not used and the standard 
1800Hz ITU-T carrier is chosen in V.17. 


Modulation Data Rate CONF Pi P2 P3 P4 
(bps) 
V.17 14400 CONF SOF $09 $00 $04 
V.17 12000 CONF SOF $09 $00 $02 
V.17 9600 CONF $0F $09 $00 $01 
V.17 7200 CONF SOF $09 $80 $00 
V.29 9600 CONF $0F $08 $00 $01 
V.29 7200 CONF $0F $08 $80 $00 
V.29 4800 CONF SOF $08 $40 $00 
V.27 ter 4800 CONF SOF $07 $40 $00 
V.27 ter 2400 CONF SOF $07 $20 $00 
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The typical sequence to set up the ST75C52/520 Figure 8 
could be : 
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STEP_1: Select modulation, data rate with 


CONF command. 
STEP_2: Start the training sequence with the 


HSHK command. It is also possible to HSHK 
start the training sequence with the OR RTS = 0 


used in both mode parallel and serial. 
STEP_3 : Check that STA_H (bit 0 in STATUS[1] 
of Modem General Status) equals 1 
(this step is optional). 
STEP_4 : Wait until STA_106 (bit 2 in STATUS[0] 
of Modem General Status) equals 1. 
STEP_5: In parallel mode to use interrupts for 


RTS Pin if the ST75C52/520 is setup 
for such a contro! (CONF_V24 bit 7 in 

the first parameter of CONF command 

must be equal to 1). RTS signal can be 


doing ITMASK = ITMASK or $84. MODE 


Start to transmit Data : 
IF parallel mode 


SERIAL 07 SEND DATA 
FORM 00 ON TxD PIN 


fill the first buffer (buffer 0) 
enable IT2 


interrupt 
else 
send Data on TxD pin 


STEP_6: Stop transmitting Data. In parallel 
mode send XMIT 0 command. Disable 
IT2 interrupt with Interrupt Mask 
Register ITMASK doing ITMASK = 


ITMASK and $FB. 

STEP_7: Stop sending carrier with STOP 
command. 

STEP_8: Wait end of ITU-T stop sequence 
(STA_106 = 0). 


The following flow chart summarizes the above 


» Yes 
data transmission enable /T2 interrupt 
with Interrupt Mask Register ITMASK — 


send XMIT 1 command = 
send Data with TX buffers every IT2 — 


w Yes 


SERIAL 1 


FILL BUFFER 0 


ENABLE IT2 
ITMASK = ITMASK OR $84 


XMITO 
DISABLE IT2 WITH 
ITMASK = ITMASK AND SFB 


v 


sequence. S66 


No 


STA-6 = 0 


y Yes 


END 
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11.2.2 - Transmit in Low Speed Mode (LM) 

The low speed uses channel 2 of the V.21 ITU-T standard in phase B, D and E to send signal with HDLC 

protocol over the PSTN network. 

The ST75C52/520 gives two posibilities : 

- The HDLC is done with an external component. In such a case the transmit data are sent with the serial 
mode (TxD Pin). 

- The ST75C52/520’s HDLC controller is used to send data. The ST75C52/520 must be setup for parallel 
mode and HDLC format. 

The types sequence to set up the ST75C52/520 in parallel mode with HDLC could be : 


STEP_1 


STEP_2 
STEP_3 
STEP_4 
STEP_5 
STEP_6 


STEP_7 


STEP_8 


STEP_9 
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: Select V.21 ch2 with CONF $0F $0D $00 $00 command (in this example the RTS signal is not 


used). 


: Start to send the carrier with HSHK command. 

: Check that STA_H (bit 0 in STATUS[7] of Modem General Status) equal 1 (this step is optional). 
: Wait until STA_106 (bit 2 in STATUS[0] of Modem General Status) equal 1. 

: Select parallel mode with SERIAL 1 command. 


Select HDLC format with FORM 2 command. 


: Send preamble (the HDLC controller sends flags during one second). To do that send XMIT 1 


command and wait one second. 


: To use interrupts for data transmission enable /T2 interrupt with Interrupt mask register 


ITMASK doing ITMASK = ITMASK°or $84. 


Start to transmit data : 

Fill the first Tx buffer (buffer 0). 

Setup BUFF_SFRM (bit 4 of the transmit buffer status word DTTSBO) to 1 to indicate Start of 
Frame. 

Enable /T2 

Continue to send data with Tx buffers (BUFF_SFRM and BUFF_EFRM respectively bit 4, 5 
of DDTTSBO and DDTSB71 must be equal to 0). 


: Stop the data transmission : 


Fill the last Tx buffer with data. 

Setup BUFF_EFRIM (bit 5 of DTTSBX with x = 0 or 1 respectively for buffer 0 and 1) to 1 to 
indicate End of Frame. 

Send XMIT Oto stop data transmission. Desable /T2 with Interrupt Mask Register ITMASK 
doing ITMASM = ITMASK and SFB. 


: Stop sending carrier with STOP command. 
STEP_10: 


Wait end of STOP sequence (STA_106 equal to 0). 
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The following flow chart summarizes the above sequence. 


Figure 9 


CONF $0F $0D $00 $00 
HSHK 


: SEND DATA 
Yes . 
3, 
<Ee 
yw Yes 
. 


(BUFF_SFRM and 
BUFF_EFRM = 0) 


. 


SERIAL 1 
FORM 2 


FILL LAST BUFFER 
BUFF_EFRM = 1 


XMIT1 


¢ 


D> DISABLE IT2 WITH 
ITMASK = ITMASK AND $FB 


7 Yes 
=1 


FILL BUFFER 0 
BUFF_SFRM 


ENABLE IT2 
ITMASK = ITMASK OR $84 
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The typical sequence to set up the ST75C52/520 
in serial mode could be : 


STEP_1 


STEP_2 
STEP_3 


STEP_4 


STEP_5 


STEP_6 


Slee 
STEP_8 


STEP_9 


STEP_10 : 


: Select V.21 ch2 with 


CONF SOF SOD $00 $00 command 
(in this example we do not select the 
transmit equalizer, the RTS signal is 
not used). 


: Select serial mode with SERIAL S00 


command. 


: Start to send the carrier with HSHK 


command. 


> Check that STA_H (bit O in 


STATUS/[1] of Modem General 
Status) equal 1 (this step is optional). 


: Wait until STA_106 (bi 2 in 


STATUS[O] of Modem General 
Status) equal 1. 


: Send preamble (HDLC flag during 


one second) with TxD Pin. 


: Start to transmit data on TxD Pin. 
: Stop the data transmission on TxD 


Pin. 


: Stop to send carrier with STOP 


command. 


Wait end of STOP sequence 
(STA_106 equal to 0). 


The following flow chart summarizes the above 


sequence. 
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Figure 10 
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CONF OF OD 00 00 
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PREAMBLE 
ON TxD 
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Ill.3 - G3 Reception (Setup and Synchronization) 
Il!.3.1 - Reception in Phase A 


Two cases are possible : the ST75C52/520 is in the calling unit or in the called unit (answering unit). 
In the first case (calling unit) the ST75C52/520 is used to detect busy tone, answer tone and preamble. 


In the second case (called unit) the ST75C52/520 detects the calling tone (CNG tone at 1100Hz) to 
recognize an automatic fax call. 


The following sequence is an example to set up and to use the ST75C52/520 in the calling unit. 
The ST75C52/520 send CNG tone, detect busy tone, answer tone and V.21 channel 2 flag. 


STEP_1 
STEP_2 


STEP_3 
STEP_4 


: Start a time out (e.g 30s to 60s). 
: Setup the ST75C52/520 to send 1100Hz (CNG oe detect busy tone, answer tone and V.21 


flag with the following commands : 

CONF $00 $00 $00 $00 

DEFT $00 $4C $04 $2Z (ZZ depend of the wanted level, ZZ = $30 for nominal value). 
TGEN $01 

wait 0.5s. 


: Stop sending CNG tone with TGEN $00 command and start a timer for 3 seconds. 
: If STA_CPTO (bit 4 in STATUS[0O] of Modem General Status) equal 1 begin a Busy tone 


validation algorithm. 

If STA_AT and STA_CCITT (bits 3 and 2 in STATUS[1] of Modem General Status) equal 1 
begin an Answer tone validation algorithm. 

If STA_FLAG (bit 6 in STATUS[1] of Modem General Status) equal 1 begin flag detection 
(preamble). 

If no detection and timer 3s is not elapsed go to the beginning of STEP_4. 

If timer 3s is elapsed go to STEP_2 and repeat until Time out. 
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The following flow chart summarizes the above sequence. 
Figure 11 


START TIME OUT 


CONF 00 00 00 00 
DEFT 00 4C 04 22 
TGEN 01 
START TIMER 0.5s 


TGEN 00 
START TIMER 
FOR 3s 


TO A BUSY TONE 
VALIDATION ALGORITHM 


Yes 


TO AN ANSWER 
TONE VALIDATION 
ALGORITHM 


STOP TIME OUT 


Yes 


TO FLAG VALIDATION 
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The following sequence is an example to set up and 
to use the ST75C52/520 in the called unit. 


The ST75C 52/520 detects the CNG tone and after 
detection sends the answer tone. 

STEP_1 : Start a timer for 4 second. 

STEP_2 : Setup the ST75C52/520 to detect tone 
with the CONF $0 $00 $00 $00 
command. 

After that the ST75C52/520 will 
indicate with TDT8 ( bit 0 in STAOP7 of 
Optional Status) equal 1 the 1100Hz 
detection. 

Validation of the 1100Hz 

Send answer tone (2100Hz) with 
TONE $10 command. 

Wait 3.3 second and stop sending 
2100Hz with TGEN $00 command. 
Detection of the CNG tone could be optional, 
since the calling unit can be manual. 


The flow chart (Figure 12) summarizes the above 
sequence. 


STEP_3 : 
STEP_4 : 


Note : 


lll.3.2 - Reception in Phase B 


As in phase A two cases are possible. In the first 
case the ST75C52/520 detects and receives pre- 
amble, HDLC frame over V.21 ch2 modulation. In 
the second case the ST75C52/520 detects and 
receives training over High speed standards (V.17 
or V.29 or V.27 ter). 


Hereafter is an example to set up the ST75C52/520 
to detect and receive preamble, HDLC frame over 
V.21 ch2 (use parallel mode). 

STEP_1 : Setup V.21 ch2 with 
CONF SOF SOD $00 $00 command. 
Arm the receiver with SYNC $07 
command. 

Wait until a V.21 ch2 signal is received 
by testing STA_109 (bit 0 in STATUS/O] 
of Modem General Status) equal 1. 
Wait until HDLC flag is received 
(preamble) with STA_FLAG (bit 6 in 
STATUS[1] of Modem General Status) 
equal 1. 

Enable Parallel reception (IT3 
interrupt) with the following sequence : 
write $00 into DTIRBFO 
write $00 into DTRBF1 
enable /T3 doing ITMASK = 
$88 

select HDLC and parallel format with 
FORM $02 and SERIAL $02 
commands. 


The flow chart (Figure 13) summarizes the above 
sequence. 


STEP_2 : 


STEP_3 : 


ITMASK or 
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Figure 12 


START TIMER FOR 4s 


| CONF 00 00 0000 | 00 00 00 00 


Sp 


<< 
<< 


WAIT 200ms 


TDT8 =0 


WAIT 0.6s 


Yes 


ee 


CNG TONE 
NOT DETECTED 


yg CNG DETECTED 


TONE10 | SENDCED TONE 
(2100Hz) 
WAIT 3.3s 
TGEN 00 
END 
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Figure 13 


CONF OF OD 00 00 
SYNC 01 


w Yes 
WRITE 00 IN DTRBSO 
WRITE 00 IN DTRBS1 


ENABLE IT3 WITH 
ITMASK = ITMASK OR $88 


FORM $02 


RECEIVE DATA 
IN HDLC MODE 


Hereafter is an example to set up the ST75C 52/520 
to detect V.21 ch2 carrier and after that to be used 
in serial mode. 

STEP_1 : Setup V.21 ch2 with 
CONF SOF $0D $00 $00 command. 
Send SERIAL $00 to use serial 
interface. 

Arm the receiver with SYNC 7 to detect 
V.21 ch2 carrier. 

Wait STA_109 (bit 0 in STATUS[0] of 
Modem General Status) equal 1 or CD 
Pin equal 0. 

Receive Preamble and Data Frame on 
RxD Pin. 


The flow schart (Figure 14) summarizes the above 
sequence. 


In phase B the two units select a high speed among 
the different possibilities (V.17, V.29 or V.27 ter). At 
this point the transmitting unit must send a training 
check (TCF) with the selected speed. The receiving 
unit must be set up to receive it. 

Please see the Table given at chapter Ill.1.2 for 
CONF’s parameters for all the high speed possibili- 
ties. 


STEP_2 : 


STEP_3 : 
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Figure 14 


CONF OF OD 00 00 


SERIAL 00 


SYNC 01 


Yes 


USE RxD PIN 


For parallel reception the typical sequence to setup 


the ST75C52/520 could be : 

STEP_1 : Select modulation, data rate with 
CONF command. 

STEP_2 : Arm the receiver with SYNC $07 
command. 

STEP_3 : Wait for the beginning of the receive 


synchronization by testing STA_HR 
(bit 4 in STATUS[1] of Modem 
General Status) equal 1 (this step is 
optional). 


STEP_4 : Wait for the end of the receive 
synchronization and the beginning of 
the data mode by testing S7_109 
(bit O in STATUS[O] of modem 
General Status) equal 1. 

STEP_5 : Enable parallel reception (IT3 
interrupt) with the following sequence. 
write $00 into DTRBFO 
write $00 into DTRBF1 
enable /T3 doing ITMASK = ITMASK 
or $88 
select synchronous parallel format 
with FORM $00 and SERIAL $02 
commands. 

STEP_6 : Receive data. If STAT_109 equal 0 go 
to STEP_7. 

STEP_7 : Hang_up. 


The flow chart (Figure 15) summarizes the above 
sequence. 
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Figure 15 STEP_2 : Arm the receiver with SYNC $07 
command. 

STEP_3 : Wait for the beginning of the receive 
synchronization by testing STA_HR (bit 
4 in STATUS[1] of Modem General 
Status) equal 1 (this step is optional). 

STEP_4 : Wait until the end of the receive 
synchronization and the beginning of 
the data mode by testing ST_ 109 (bit 0 
in STATUS[O] of modem General 
Status) equal 1. 

STEP_5 : Select serial mode with SERIAL $00 
command. 

STEP_6 : Receive data on RxD Pin. If STAT_109 
equal 0 go to STEP_7. 

STEP_7 : Hang_up. 


The flow chart (Figure 16) summarizes the above 
sequence. 


WRITE 00 IN DTRBSO . 
WRITE 00 IN DTRBS1 Figure 16 


ENABLE IT3 WITH 


ITMASK = ITMASK OR $88 


FORM $02 


« 
2 


SERIAL $02 


+ 
7 


RECEIVE DATA 
IN SYNCHRONOUS 
PARALLEL MODE 


HANG-UP 
SYNC 00 
CONF 00 00 00 00 
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For serial reception the typical sequence to set up 
the ST75C52/520 could be : HANG-UP 


STEP_1 : Select modulation, data rate with ee 
command. 
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1.3.3 - Reception in Phase C 


As explained in Chapter Ill.1.3 the receiving unit 
must be able to detect reception in both modes 
(high speed and low speed). 


Please see the Table given at Chapter Ill.1.2 for 
CONF’s parameters for all the high speed possibili- 
ties. 


Be careful that in V.17 the long train sequence is 
only allowed for the TCF in phase B, that is why the 
V.17 will always use the short train sequence in 
phase C. The MODC command with its first pa- 
rameter equals $40 will select the short train se- 
quence (the same parameter equal to $00 selects 
the long train sequence). 


For parallel reception in phase C the following 

sequence could be : 

STEP_1 : Select modulation data rate with 
CONF command. 

: If V.17 short train requested send 
MODC $40 $00 command. 

: Arm the receiver with SYNC $017 
command. 

: If STA_FLAG (bit 6 in STATUS[7] of 
Modem General Status) equals 1 go 
to STEP_9. 

If P2s (bit 1 in STAOP2 of the Optional 
Status) equal 1 go to STEP_5. 

: If STA_FLAG equal 1 go to STEP_9Y. 
lf PNDETs (bit 5 in STAOP2 of the 
Optional Status) equals 1 go to 
STEP_6. 

: Wait until STA_109 (bit O in 
STATUS[0] of the Modem General 
Status) equal 1. 

: STEP_7 : Enable parallel reception 
(IT3 interrupt) with the following 
sequence : 
write $00 into DTRBFO 
write $00 into DTRBF1 
enable /T3 doing ITMASK = ITMASK 
or $88 
select synchronous parallel format 
with FORM $00 and SERIAL $02 
commands. 

: Receive data. If STA_109 equal 0 go 
to STEP_13. 

: Stop synchronization with SYNC O 
command. 

Setup V.21 ch2 with 
CONF SOF $0D $00 $00 command. 
Arm the receiver with SYNC $07 
command. 


wait until STA_ 709 equal 1. 


STEP_2 
STEP_3 


STEP_4 


STEP_5 


STEP_6 


STEP_7 


STEP_8 


STEP_9 


STEP_10: 
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STEP_11 : Enable HDLC, parallel! reception and 
IT3 interrupt with the following 
sequence : 
write $00 into DTRBFO 
write $00 into DTRBF1 
enable /T3 doing ITMASK = ITMASK 
or $88 
select HDLC, parallel format with 
FORM $02 and SERIAL $02 
commands. 

STEP_12: Receive data. If STA_109 equal 0 go 
to STEP_13. 

STEP_13 : Hang_up. 


The flow chart (Figure 17) summarizes the above 
sequence. 


For serial reception in phase C the following se- 
quence could be: 


STEP_1 : Select modulation data rate with 
CONF command. 
Select serial mode with SERIAL $00 
command. 

STEP_2 : If V.17 short train requested send 
MODC $40 $00 command. 

STEP_3 : Arm the receiver with SYNC $07 
command. 

STEP_4 : If STA_FLAG (bit 6 in STATUS/[1] of 
Modem General Status) equal 1 go to 
STEP_7. 
If P2s (bit 1 in STAOP2 of the Optional 
Status) equal 1 go to STEP_5. 

STEP_5 : If STA_FLAG equal 1 go to STEP_7. 
If PNDETs (bit 5 in STAOP2 of the 
Optional Status) equal 1 go to 
STEP_6. 

STEP_6 : Wait until STA_109 (bit O in 
STATUS/[0] of the Modem General 
Status) equal 1 and than go to 
STEP_9. 

STEP_7 : Stop synchronization with 
SYNCH $00 command. 
SetupV.21 ch2 with 
CONF $O0F $0D $00 $00 command. 
Arm the receiver with SYNCH $07 
command. 

STEP_8 : Wait until STA_109 equal 1 and go to 
STEP_9. 

STEP_9 : Receive data on RxD Pin. 


If STAT_109 equal 0 go to STEP_10. 
STEP_10 : Hang_up. 


The flow chart (Figure 18) summarizes the above 
sequence. 


OMSGN 


hye ee ore 


ST75C52 USER’S MANUAL 


Figure 17 


START 


CONF SYNC 00 
CONF OF OD 00 00 


V.17 SHORT 


TRAIN -. 
MODC 40 00 
Yes 


WRITE 00 IN DTRBSO, DTRBS1 


ITMASK = ITMASK OR $88 
FORM 02, SERIAL 02 


2G 


FORM 0 
SERIAL 02 


No 
No 
SYNC 00 
Yes CONF 00 00 00 00 


WRITE 00 IN DTRBSO, DTRBS1 
ITMASK = ITMASK OR $88 


75C52-42 EPS 


23/73 
ky S&S, nomsoe $$ 
417 


$T75C52 USER’S MANUAL 


Figure 18 


& 


CONF, SERIAL 00 


Yes 


V.17 SHORT 


a MODC 40 00 


RECEIVE DATA 
AT HIGH SPEED ON RxD 


Ili.3.4 - Reception in Phase D 


As in phase B the FAX system will receive data in 
V.21 ch2 with the HDLC format. 


See the example detailed in Chapter III.3.2 for 
setup the ST75C52/520 to detect and receive pre- 
amble, HDLC frame over V.21 ch2. 


l11.3.5 - Reception in phase E 
The FAX system must receive DCN signal (decon- 


nection) in low speed mode. 


24/73 


SYNC 00 
CONF OF OD 00 00 


Yes 


RECEIVE DATA 
AT LOW SPEED ON RxD 


No 


SYNC 00 
CONF 00 00 00 00 


After that no reception will be done by the FAX 
system in phase E, so after deconnection we sug- 
gest to setup the S1T75C52/520 with 
CONF $00 $00 $00 $00 command to be able to 
send and detect tones. 


If power management is important we suggest to 
put the ST75C52/520 in low power mode with the 
following sequence : 

Enable /T5 interrupt doning ITMASK = ITMASK or 
$AO. 

Send SLEEP command. 
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IV - DATA EXHANGES 


This chapter describes the way to use the 
ST75C52/520 Data Buffers. 


These Data Buffers are implemented into the DUAL 
RAM of the ST75C52/520. They are shared be- 
tween the Host processor and the ST75C 52/520. A 
mechanism of Flags and Interrupts is associated 
with them to allow an easy management of the 
Data. 


The mechanism described below is only valid while 
in regular Data Transmission, not in Handshaking 
neither in Call progress (or DTMF) tone detection 
modes. 


"Host" refers to the Micro-controller connected to 
the ST75C52/520 Data Pump. 


“Transmit Data" (or Tx) means Data transfered by 
the ST75C52/520, via the modulator, to the tele- 
phone line, and "Receive Data" (or Rx) means Data 
comming from the telephone line and Demodulated 
by the ST75C52/520. 


Figure 19 
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IV.2 - Select Parallel Mode 
IV.2.1 - SERIAL Command 


The SERIAL command allows the independent selection of the parallel mode for the Transmit and/or 
Receive Data path. The parameter syntax is as follows (see Table 3). 


Table 3 


Field 
TX_SDATA 


RX_SDATA 


Note: 
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iV.1 - Overview 


While in Parallel mode, the Transmitted (respec- 
tively Received) Data to (from) the telephone line 
are exchanged between the Host and the 
ST75C52/520. 

Two totally independent channels are provived for 
Transmit and Receive Data. Even while using Half 
Duplex modes of operation, the transmitted data 
comes from the Transmit buffers and the receive 
data arrives in the Receive buffers. 


Two independent Interrupts, /T2 (for Transmit) and 
IT3 (for Receive) are available for synchronizing 
the ST75C52/520 and the Host. An additional /TO 
interrupt will signal the errors in the synchronization 
mechanism. 

The equivalent Data Flow is as follows (see Fig- 
ure 19). 

The ST75C52/520 has a buit-in HDLC capability. 
This feature automatically performs HDLC fram- 
ing/deframing, CRC Generation/detection and "0" 
Insertion/deletion. This Format of Data is selected 
by the FORM Command described bellow. 


----—f Control 
——tf Data 


Definition 


Use Serial Link for Tx Data 
Use both Serial and Parallel Link for Tx Data 


Use only Serial Link for Rx Data 
Use both Serial and Parallel Link for Rx Data 


Even if the parallel mode ts selected for the Receiver, the Received Bit Stream is available on the RxD Pin of the ST75C 52/520. 


This command must be sent in Data Mode, when the Transmit or Receive data links are established. This corresponds with the 
presence of the signals STA_106 (for Tx) and/or STA_109 (for Rx). 
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IV.3 - Transmit Buffers 
Two identical buffers are provided to exchange the 
data between the Host interface and the 
ST75C52/520. When the host is writing data into a 
buffer, the ST75C52/520 is transmitting the other 
one. After that, both the Host and the ST75C52/520 
switch to use the other buffer. This mechanism, 
called "Double-Buffering", ensures that the host 
has the maximum time to fill one buffer. 
The DUAL Ram area associated with the transmit 
buffers is as follows : 
Table 4 
Buffer 0 Status Byte 1 

ec 


_DTTBSO[7]_ | $36 | Buffer 0 Status Byte7 


$ 
DTTBS1 [3] Buffer 1 Status Byte 3 
3 
3 
3 


The Bit 0 (LSB) of the Buffer 0 Data Byte 0 is the 
first in time to be transmited. 


According to the Data Format, the Status byte ofa 
buffer has different meanings. However a value of 
0 signals to the host that a buffer is empty. This 
value is set by the ST75C52/520 each time it has 
emptied the buffer. After having used one buffer, the 
host must select the other buffer for the next opera- 
tion. The host must start with the Buffer O as soon 
as the ST_106 signal is on and the SERIAL Tx is 
selected and BEFORE the XMIT 7 command is 
sent. 


A mechanism of interruption (IT2 for Transmit) is 
associated with the Data Buffer management. 
Each time a Buffer is emptied by the ST75C52/520 
it generates an interrupt. 
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iV.4 - Receive Buffers 


Symetrically two identical buffers are provided to 
exchange receive data between the ST75C52/520 
and the Host processor. While the ST75C52/520 is 
filling one of the buffers with the receive bits, the 
Host processor is reading the other buffer. As soon 
as the host has emptied a buffer it frees it by writing 
O in the buffer status byte. 


The DUAL Ram area associated with the receive 
buffers is as follows : 


Table 5 


a I 
- Address 


Teg han eit: Cetera we Mlitae re 


gS ge ee 
i Description 


SiC__ [Buffer Status Byte 
$1D 
SIE 
SIF 
$20 
$21 
DTRBSO (5) | $22 
DTRBSO(6] | $23 


oe - porn 


[DTRBS1 __|__$25 [Buffer Status Byte 
$27 
$28 
$29 
$2 
$28 
$20 


DTRBS1 [7] $2D Buffer 1 Status Byte 7 


The Bit 0 (LSB) of the Buffer 0 Data Byte 0 is the 
first received bit in time (the oldest). 


According to the Data Format, the Status byte of a 
buffer has different meaning. However a value of 
0 signals to the ST75C52/520 that a buffer is empty. 
This value is set by the Host each time it has 
emptied the buffer. After having used one buffer, the 
host must select the other buffer for the next opera- 
tion. The Host must start with the Buffer 0 as soon 
as the STA_109 signal is on and the SERIAL Rx 
is selected. 

A mechanism of interruption (/T73 for Receive) is 
associated with the Data Buffer management. 
Each time a buffer is filled by the ST75C52/520 it 
generates an interrupt. 


i 


rent 


DTRBSO[O] | | 
DTRBSO [1] 
DTRBSO [2] 
DTRBSO [3] 


DTRBSO [4] 


i 
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IV.5 - Interruption 


Two Interrupt signals are provided in order to syn- 
chronize the Data Buffer Exchanges. IT2 is associ- 
ated with the Transmit Buffer mechanism and /T3 
with the Receive Buffer mechanism. 

In order to enable these interrupts, the Host proc- 
essor must set the bit 2 (for /T2) and the bit 3 (for 
IT3) of the ITMASK Register to 1. It must also set 
the Bit 7 of the /TMASK register to 1 in order to 
globally enable all the selected sources of interrup- 
tion. 

When an Interrupt occurs (low level on SINTR Pin) 
the user must read the /TSRCR Register to deter- 
mine the source of the interrupt, either /T2 for Tx (if 
the bit 2 is 1) or [73 for Rx (if the bit 3 is 1). 

Once the Interrupt has been serviced, the host 
must acknowledge it by writing a $00 value into the 
register /TRES2 for IT2, or ITRESS for ITS. 


These registers have the following address (see 
Table 6). 


Figure 20 


ITRES 3 —® 
(write only) _patg ° 
(Rx buffer filled) 
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Table 6 


Name [Address | Type | Description 


1. The ST75C52/520 does not check that the interrupt has 
been acknowledged. 


2. Even if the Host does not use the interruption, the 
ST75C52/520 will set the bit 2 (for /T2) and/or bit 3 (for 
173) of the ITSRCR. 


3. The ST75C52/520 uses only the Data Buffer Status 
Bytes to detect Overrun or Underrun Error. These errors 
are reported into the SYSERR byte, and could generate 
an interrupt ITO. 


Notes: 


The equivalent schematic is : see Figure 20. 


The interrupt mechanism assumes that the Host 
processor uses a Level sensitive interrupt (active 
low). The flow chart of the Host interrupt service 
routine looks generally like this (see Figure 21). 


ITRES 2 
(write wae 


(Tx buffer emptied) 


From 
ST75C52 
DSP 


ic CA EEN ERE ERD 


(read only) 


SINTR << { ff 


<a 
< Lge = oes 
at, 
Rd 
— 
- 


mask) 7 | 664] 3} 2] to) 


(read write) 


ASZ SGS“THOWISCL 
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Figure 21 


READ ITSRCR 
MASK UNWANTED BITS 


4 
Yes 
<> =m RETURN | If all sources served return from interrupt 
| No 


Check only the Interrupt sources that we want to manage under Interrupt 


YeS pl EXECUTE IT_TRANSMIT | Execute Tx Buffer 
Management 
WRITE 00 INTO ITRES2 | Reset IT2 


>| EXECUTE IT_RECEIVE Execute Rx Buffer 
Management 
WRITE 00 INTO ITRES3 Reset IT3 


f 


(Other Interrupts) 


IV.6 - Data Format 


Different Formats of Data can be Transmitted/Re- 
ceived to/from the Telephone Line. These Formats 
can be selected when entering the Data Mode by 
using the FORM command. 

The Format of the Data can be changed, on the fly 
in the Data Mode during the same communication, 
by sending a different FORMcommandatany time. 
Note that for Full Duplex operation the Data Format 
is the same for the transmitter and the receiver. 


1V.6.1 - FORM Command 


The FORM command allows the selection of the 
Data Format. The Parameter syntax is as follows : 


Table 7 


_Field_| Byte | Pos. |Value|TxRx| Definition 


X_SYNC}| 1 1..0 | OO* | X X | Synchronous 
01 
10 
11 


format 
Continuous "1" 
IV.6.2 - Synchronous Mode 
The synchronous mode is the default mode, if no 


(Tx only) 
HDLC framing 
FORM command is used. 
28/73 


/deframing 
Continuous "0" 
(Tx only) 


<x x x 
x< 
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The transmitter reads the bits in the DUAL Ram 
Buffer DTTBFx (starting with the Bit 0 of Byte 0 of 
Buffer 0) and send them over the Telephone line. 
The Buffer Status Byte DTTBSx contains the num- 
ber of Data Bytes to transmit. 


The Receiver write the received bits comming from 
the Telephone line and write them into the DUAL 
Ram Buffer DTRBFx (starting with the Bit 0 of the 
Byte O of the Buffer 0). The Buffer Status Byte 
DTRBSx contains the number of Data Bytes re- 
ceived (generaly 8). 


The time between each /72 interrupts (or /T3) is 
equal to 64-bit if the number of Data Bytes is set 
to 8. The Host has the full 64 bits time to serve the 
interrupt. 


Table 8 


Bit Rate (bps) Interrupt Time (ms) 
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IV.6.3 - HDLC Mode 


The HDLC Format can be used for T.30 or ECM 
implementations 


1V.6.3.1 - HDLC Transmit 


The HDLC Transmitter performs the following 
tasks : 

- flag generation (7E) while in inter-frame, 

- flag generation (7E) at the beginning of a frame, 
- zero insertion (after 5 consecutive "1"), 

- CRC16 computation, 

- CRC16 transmission at the end of a frame, 

- flag generation (7E) at the end of a frame, 

- abort frame. 


The Buffer Status Byte DTTBSx defines the frame 
type, and the number of Data Bytes to transmit. 


IV.6.3.2 - HDLC Receive 


The HDLC Receiver performs the following tasks : 
- flag recognition, 

- opening flag recognition, 

- zero deletion, 

- CRC16 computation, 

- CRC16 check; error CRC16 detection, 

- closing flag recognition, 

- abort frame detection. 


The Buffer Status Byte DTRBSx contains the frame 
type, the number of Data Bytes and the error report 
if any. 

The errors detected are : 

- CRC16 Error : Wrong CRC received, 

- non byte-alligned frame : The number of Data bits 
between the beginning of the frame and the end 
of the frame (after "zero" deletion) is not a byte- 
multiple, 

- aborted frame : More that 6 consecutive "1" re- 
ceived. 


Table 9 


| Field | Byte | Pos. | Value | | efinition 


IV.7 - Transmitting in Parallel Mode 
IV.7.1 - Description 


When the STA_106 (CTS) signal is on, the user 
must select the parallel mode by enabling the par- 
allel link with TX_SDATA bit set in SERIAL com- 
mand. After that the ST75C52/520 will start 
transmitting continuous "1". Note that for a proper 
operation each time the STA_106 signal goes on, 
the SERIAL command must be sent. 


IV.7.1.1 - XMIT Command 


The XMIT Command works like a CTS signal for 
the Parallel process. 


When XMIT is off, the ST75C52/520 transmits con- 
tinuous "1". When on the ST75C52/520 transmits 
Data in accordance with the FORM command and 
starts to manage the Data Buffer. 


This command can be sent at any time, while in 
Data Mode (see Table 9). 


IV.7.1.2 - FORM Command 


The FORM Command can be sent at any time to 
redefine the current format. The effect will take 
place only when XMIT is on. 


Here is a formal example showing the relationship 
between SERIAL, XMIT, and FORM Commands : 
see Figure 22. 


IV.7.1.3 - STOP Command 


The STOP command is used, at the end of the 
transmission, to stop sending the carrier on the 
telephone line. According to the Parallel/Serial 
mode (defined with the SERIAL command) and the 
Format (defined with the FORM command) the 
effect of this command is as in Table 10. 


Prior to the STOP command the user must have 


stop the parallel transmission with a XMIT off com- 
mand. 


TX_START 1 0* (Off) Send continuous "1" (1). 
1 (On) Send Data according with the Format defined in the FORM command. 


Note 1: The XMIT Off command takes effect only when the two Transmit buffers are empty : DTTBFO and DTTBF1 equal to $00. 
a 10 


ISA SGS-THOMSON 


TX-SDATA Observed actions 
S| 


Parallel When the current data buffer will be totaly transmitted, and that no more 
buffers will be available, that is to said both DTTBFO and DTTBF1 will be 
$00 (equivalent to an Underrun condition). 


29/73 


« MICROELECTRONICS 


423 


ST75C52 USER’S MANUAL 


Figure 22 


STA_106 


DATA 
TRANSMITTED 


COMMANDS : 


SERIAL 1 
FORM 3 
XMIT 1 
XMIT 0 


IV.7.1.4 - Timing 
Here are regular sequences to stop properly the transmission : see Figure 23. 


Figure 23 
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Case # 1 Synchronous Format 
STA_106 
Feed Last Buffer 


XMIT 0 
(ignored until here) 


STOP a 
DATA 
TRANSMITTED Last Buffer 


Case # 2 HDLC Format 


STA_106 | 


Feed Last Buffer 
XMIT O 


(ignored until here) 


STOP 
DATA 
TRANSMITTED Last Buffer] CRC16 


Case # 3 Immediate Stop 


STA_106 | 


Feed Last Buffer 
SERIAL 0 
STOP (last buffers truncated) 


TAN an eee 
TRANSMITTED 1 
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IV.7.1.5 - FSK Full Duplex Mode 


In FSK Full duplex Mode the parallel mode as- 
sumes that the Bit time duration is the nominal Bit 
rate. Each bit element from the Transmit buffer is 
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Establish a V.29 transmission and send the very 
first Buffer (see Figure 25). 


Figure 24 


maintained during the full bit time. The Nominal bit 
clock is defined as follows : 


Table 11 


Note 1: Theaccuracy ofthe Bit clock is given by the ST75C52/520 
oscillator, and must better than 50ppm 


READ BIT IN 
INTERNAL BUFFER 
INTERNAL BUFFER 

EMPTY 
y Yes 
SELECT NEXT DUAL 
RAM BUFFER X 


RETURN 


IV.7.2 - Modem Flow Chart 


When in the Parrallel Data Mode, each time the 
ST75C52/520 need a bit to transmit it executes the 
following routine (see Figure 24). 

Where x starts with the value 0 and toggle thereaf- 
ter between 1 and 0. 


DTTBSx == 0 
w No 
MOVE DTTBFx DATA 
TO INTERNAL BUFFER 
CLEAR DTTBSx 
RAISE IT2 INTERRUPT 


RETURN 


SIGNAL ERROR 
INTO ERR_TX 
RAISE ITO INTERRUPT 
SELECT DUAL 
RAM BUFFER x = 0 


RETURN 


IV.7.3 - Host Flow Chart 


Here after are Flowcharts to : 

- establish a V.29 transmission 

- send Synchronous continuous "$AA, $55, $AA, 
$55..." sequence. 
The management of the Buffers are done under 
Interrupt. 

- stop properly the transmission. 
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Figure 25 


Subroutine : 


FILL FIRST BUFFER 
WRITE AA, 55... 
INTO DTTBF (0..7] 
WRITE 08 INTO DTTBFSO 


SELECT NEXT BUFFER 
IBUF = 1 


Tx_COMPLETED = FALSE 


ENABLE IT2 
ITMASK = 0 x 84 


Select V 29 9600bps 


CONF OF 08 00 01 


| Ye 


S 


Start V.29 sequence 


Wait until end of training 


FORM 00 (opt) 
SERIAL 01 
| 


Format synchronous 


Enable parallel 
transmit data 


Fill the first buffer # 0 


Start to transmit 
the first buffer 
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These flowcharts show two CPU variables labeled 

IBUF and Tx_Completed, they are necessary for 

the understanding of the mechanism, but there is 

different manners to implement it. These two vari- 
ables have the following meanning : 

- IBUF: This is the number of the DUAL Ram Buffer 
currently in use by the Host processor. It starts 
with 0 and then alternate 1, 0, 1, 0... 

- Tx_Completed: This is a Flag to dialog with the 
interrupt process in order to stop properly the 
transmission. 


The other Buffers are sent under interrupt control 
(refer to the interrupt flow chart, Figure 26). 


Figure 26 


EXECUTE_IT_TRANSMIT 


Tx_COMPLETED ? 


WRITE AA, 55, ... 
INTO DTTBFO 


WRITE 08 INTO DTTBSO 


(1) x 
WRITE AA, 55, ... 
INTO DTTBF1 


WRITE 08 INTO DTTBS1 


RETURN 


(1) At this step the host can check that the corresponding 
DTTBSx buffer is empty (equal to $00), otherwise It is an 
error. 


Note: 


To stop properly the transmission, without loss of 
Data (see Figure 27). 
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Figure 27 


XMIT 00 


Stop sending parallel 
data (delayed) 


Stop signal 


Semaphore with interrupt 


Wait until last buffer is 
transmitted and CCITT 
stop sequence completed 


IV.7.4 - Error Detection 


Error occurs when the ST75C52/520 need some 
bits from the transmit buffer DTT BSx and this buffer 
is empty. This condition is called "Underflow". 

This error is signaled in the bit ERR_TX of the 
SYSERR byte, and generates an interrupt ITO. To 
clear the errora CSE 01 command must be issued. 


An Underflow condition occurs when : 

- in synchronous mode : the host processor "for- 
gets" to feed the current DTTBSx buffer, 

- in HDLC mode : when, while inside a frame, the 
host processor "forgets" to feed the current 
DTTBSx buffer. An abort frame is transmitted in 
place of the regular Buffer. 

When an underflow condition occur the host must 

restart the whole parallel initialization, as explained 

above. 


IV.7.5 - Synchronous Mode 

IV.7.5.1 - Description 

In synchronous mode the ST75C52/520 transmits 
the bits contained in the DUAL Ram Buffer without 
any modification. It starts with the Bit O of the 
DTTBFO[O] byte. 


AYs, BES cues 
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IV.7.5.2 - Status Word Format 
The Transmit Status Bytes DTTBSO or DTTBS7 have the same following meaning : 
Table 12 


BUFF_LENG | 3..0 0 Buffer empty. 
1 1 Byte to transmit (DTTBFx[0 
2 
8 
Other | Not allowed. 
[Other | 7..4| 0 | Reserved, must be 0. 


DTTBSx in Synchronous Mode 
)). 
2 Bytes to transmit (DTTBFx[0] and DTTBFx{[1)). 
8 Bytes to transmit (DTTBFXx[0 .. 77). 
This status byte must be written by the Host, after At that time the ST75C52/520 start sending data 
filling the corresponding data buffer DTTBFX[0..7] contained in the Buffer, computing the CRC and 


with the right number of data bytes to transmit. performing "zero insertion" if needed. 
This status byte is cleared by the ST75C52/520, - when the host wants to send additional data 
just before generating the /T2 interrupt. (within the same frame) it feeds the buffers just 


like in synchronous mode. If an Underflow condi- 
tion occurs, the ST75C52/520 will abort the frame 
oe, by sending 8 consecutive "1", and the Host must 
IV.7.6.1 - Description restart the whole parallel initialization. 

ln HDLC mode the ST75C52/520 transmits the when the host wants to close a frame, it set the 
data bytes contained into the DUAL Ram buffer BUFF_EFRM bit in the DTTBSx status buffer. At 


IV.7.6 - HDLC Mode 


packed inside an HDLC frame. The mechanism is that time the ST75C52/520 will send the contents 

as follows : of the buffer, then send the CRC and an HDLC 

- while the Host has no frame to transmit, that is: closing flag $7E. 
as long as DTTBSx equals $00, the - if the Host, wants to abort a frame (while sending 
ST75C52/520 transmits the HDLC Flag $7E. a frame) itset the BUFF_FRAB bitin the DTTBSx 

- when the Host wants to send some data, it feeds Status buffer. At that time, as soon as the last 
the buffer with some data bytes to transmit (be- buffer will be transmitted, the ST75C52/520 will 
tween 1 and 8) and set the BUFF_SFRMbit in the send 8 consecutive "1" and wait for the next 
DTTBSx status buffer. buffer. 

IV.7.6.2 - Status Word Format 

Table 13 


DTTBSx in HDLC Mode 


| Field | Pos. Value Definition 


BUFF_LENG | 3..0 0 Buffer emty. 
1 Byte to transmit (DTTBFx[0)). 
2 Bytes to transmit (DTTBFx[0] and DTTBFx[1)). 


8 Bytes to transmit (DTTBFx[0 .. 7]). 
Not allowed. 


Data stream. 
Start of frame : the buffer is a beginning of frame. 


BUFF_EFRM 5 0 Data stream. 
1 End of frame : the buffer will be followed by the transmission of the CRC and closing 
flag. 


BUFF_FRAB Data stream. 
Abort frame : 8 consecutive "1" will be transmitted (whatever BUFF_LENG is). 


Notes: 1. A buffer can have BUFF_SFRM and BUFF_EFRM set in the same DTTBSx byte, this means that the frame transmitted 1s short 
(between 1 and 8 Bytes long). 


2. An ending frame (with BUFF_EFRM set) must have at least ONE byte of data to transmit. 


BUFF_SFRM 4 


33/73 
kyy, 3e3oteenases 
427 


ST75C52 USER’S MANUAL 


IV.7.6.3 - Single Short Frame 
Figure 28 


TRANSMITTED 
DATA 


BUFF_FRAB 


BUFF_SFRM 


BUFF_EFRM 
BUFF_LENG 


(BUFF_DATA) 


IV.7.6.4 - Long Frame 
Figure 29 


TRANSMITTED S7ET DO | D1 | be [03] ORG | S7e 


DATA 


BUFF_FRAB 


BUFF_SFRM 
BUFF_EFRM 


BUFF_LENG 


1V.7.6.5 - Abort Frame 
Figure 30 


ota set bo Toi [be Jasont] sve Tbs [04 Ts 


BUFF_FRAB 


BUFF_SFRM 


BUFF_EFRM 


ea nS SS a a SS ST 
BUFF_LENG 3 : 3 : | 


(BUFF_DATA) : DO: Di 
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IV.7.6.6 - Abort due to Underflow 
Figure 31 
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TRANSMITTED s7E[ po | bi [| b2 JABORT]  —S7E_——Csd| 3 | D4 [Ds 


DATA 
BUFF_FRAB 


BUFF_SFRM 


BUFF_EFRM 


BUFF_LENG 


Where: 1. The Underflow condition appears when the ST75C52/520 needs, inside a frame, some bytes to transmit and that the corresponding 


buffer is empty. 
2. The ERR_TX bit is cleared with a CSE 01 Command. 


3. After an Underflow condition restart the initialization of the parallel mode and use the buffer number 0 


IV.8 - Receiving In Parallel Mode 
IV.8.1 - Description 


When the STA_709 (CD) signal goes on, the user 
must select the parallel mode by enabling the par- 
allel link with RX_SDATA set in the SERIAL RX 
command. After that the ST75C52/520 will write 
received data into the DUAL Ram Buffer DTRBSO. 
Note that for a proper operation, each time the 
STA_109 goes on the SERIAL command must be 
send. 


IV.8.1.1 - Initialization 

The host processor must enable the /T3 receive 
interrupt first. 

Then it must empty the two DTRBSO and DTRBS1 
registers by writting $00 at these locations. 

Then it must send the SERIAL RX command. 


Figure 32 


As soon as the first /73 interrupt appears, the host 
must proceed with the DTRBSO buffer. 


IV.8.1.2 - Loss of Carrier 


Each time a loss of carrier appears the 
ST75C52/520 stops updating the Data buffer. 


If the carrier reappers the host must proceed again 
with the initialisation sequence. 


IV.8.1.3 - FSK Synchronization 


The FSK Full Duplex demodulator uses an algo- 
rithm based on the transitions of the received sig- 
nal. The synchronization mechanism is adjusted 
with each signal transition in order to sample the 
demodulated signal at the midle of the bit (see 
Figure 32). 


DEMODULATED | | | | | | 
SIGNAL 


SAMPLE TIME 
RECEIVE BIT 


2 ae a ae ak 
0 0 1 0 0 1 0) 


0 


OMSON.—  —C—C‘CSC‘tFG 
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IV.8.2 - Modem Flow Chart Figure 33 


When in parallel data mode, each time the 
ST75C52/520 has received some bit of data it 
executes the following routine (See Figure 33). 


Where X start with the value 0 and toggle between WRITE BIT IN 
1 and 0. INTERNAL BUFFER 


IV.8.3 - Host Flow Chart Ge ae = 
Hereafter are flowcharts to : FULL 


- establish a V.29 reception, Yes 
- receive synchronous data. This task is performed SELECT NEXT DUAL 
under interrupt, RAM BUFFER X 


- handle properly some temporary loss of carrier. : 


DTTBSx == 0 
Establish the reception (See Figure 34). 


Yes 
These flowcharts show one CPU variable labeled Sa eT aE prensa 
IBUF which is necessary for the understanding of E 


the mechanism, but there are different manners to 
implement it 


- IBUF : this is the number of the DUAL Ram Buffer 
currently in use by the Host processor. It starts 


SELECT DUAL 
with 0 an then alternates 1, 0, 1,0... RAISE IT3 INTERRUPT RAM BUFFER x = 0 


The received bits are read by an interrupt routine 
(see Figure 35). 


Figure 34 


5C5 -58E S 


CONF OF 08 00 01 Select V.29 9600bps Subroutine : 
CLEAR FIRST BUFFER 


WRITE 00 INTO DTRBFSO 

WRITE 00 INTO DTRBFS1 
Wait until V.29 SELECT NEXT BUFFER 
carrier detected IBUF = 0 


Arm V.29 receiver 


CLEAR FIRST BUFFER) Clear the first ENABLE IT3 
buffers #0 and #1 ITMASK = 0x 88 


FORM 00 (opt) Format synchronous 


Enable parallel 
SERIAL 02 receive data 


sii In case of lost of carrier 


while tn data mode 
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Figure 35 


EXECUTE_IT_RECEIVE 


(1) y Yes (1) y 
READ DTRBS1 READ DTRBSO 
EXTRACT BUFF_LENG EXTRACT BUFF_LENG 


BUFF_LENG TIMES (2) BUFF_LENG TIMES (2) 


READ DTRBF1 DATA READ DTRBFO DATA 


WRITE 00 INTO DTRBS1 WRITE 00 INTO DTRBSO 
IBUF = 0 IBUF = 1 


Notes: 1. At that step the host can check that the corresponding 
DTRBSx buffer is full (different from $00), otherwise it Is 
an error. 

2. This means read BUFF_LENG bytes, inside the Receive 
buffer DTRBFx starting from location ODTRBFx[d] to 
DTRBFx[BUFF_LENG - 1]. in synchronous mode, the 
BUFF_LENGis always 8 bytes, except when a STA_109 
lost appears in the middle of the buffer. 


Table 14 


75C52-60 EPS 


IV.8.4 - Error Detection 


Error occurs when the ST75C52/520 has received 
some bits and that the buffer DTRBSx is not empty, 
this condition is called "Overflow". 


This error is signaled in the bit ERR_RX of the 
SYSERR byte, and generates an interrupt ITO. To 
clear the error a CSE 02command must be issued. 


An Overflow condition occurs when : 

- in synchronous mode: the host processor "for- 
gets" to empty the current DTRBSx buffer, 

- in HDLC mode: when, while inside a frame, the 
host processors "forgets" to empty the current 
DTRBSx buffer. 


When an Overflow condition occurs the host must 
restart the whole parallel initialisation. 


IV.8.5 - Synchronous Mode 
IV.8.5.1 - Description 


In synchronous mode the ST75C52/520 writes the 
received bit into the DUAL Ram Buffer without any 
modification. It starts with the Bit 0 of the 
DTRBFO[0] byte. 


IV.8.5.2 - Status Word Format 


The receive Status Byte DTRBSO or DTRBS7 have 
the same following meaning (see Table 14). 


DTRBSx in Synchronous Mode 


Ftd [Pos aioe 


BUFF_LENG Buffer emty. 


1 Byte received (DTRBFx[0 


Definition 


]). 
2 Bytes received (DTRBFx[0] and DTRBFx[1)). 


8 Bytes received (DTRBFX[O.. 


Not used. 


7). 


jOther 17.4] 0 | Notused 


The BUFF_LENG is always 8 except when a lost of carrier (STA_109 going to 0) happens. 
This status byte is set by the ST75C52/520, just before generating the /T3 interrupt. 
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IV.8.6 - HDLC Mode (which can be shared with the following opening 
IV.8.6.1 - Description flag) it compares the received CRC with its inter- 
nal computation. It writes the contents of the 
In HDLC mode the ST75C52/520 extracts from the received last data into the DTRBFx buffer, sets 
received HDLC frame the Data information only. It the BUFF_EFRM bit and reports any frame error 
reports, trough the DUAL Ram Buffer, only data in the DTRBSx register via the BUFF_ERRS bits. 
information and frame validity. The mechanism is Reported errors are : 
as follows : CRC error (lowest priority) : the received CRC is 
- as long as the ST75C52/520 receives continuous not equal to the computed CRC. Some bits, inside 
HDLC Flag $7E, nothing happens. Note that the the frame, are erroneous. _ _ 
ST75C52/520 allows zero sharing between adja- Non Byie-Aligned frame (middle priority) : the 
cent flags. received data bit count (after deletion of the "zero 
- when the ST75C52/520 receives some data, it inserted"), between the opening and the closing 
removes inserted "zero" if needed, and starts to flag, is not a multiple of 8. 
compute the CRC. As soon as its internal buffer Aborted frame (highest priority) : the frame was 
is full, the ST75C52/520 writes the received data aborted with atleast 7 consecutive “To 
into the DTRBFx buffer and sets the - an abort frame can be also detected, while in the 
BUFF_SFRIM inside the DTRBSx status byte. inter frame mode, if instead of receiving $7E flag, 
- when receiving additional data, the ST75C52/520 the ST75C52/520 receive more than 7 consecu- 
feeds the buffer just like in synchronous mode. tive "1". In this case only one Aborted frame is 
- when the ST75C52/520 receives a closing flag signaled, event if the "1" condition is maintained. 
IV.8.6.2 - Status Word Format 
Table 15 


DTRBSx in HDLC Mode 


Buffer emty. 
1 Byte received (DTRBFx[0)). 
2 Bytes received (DTRBFx[0] and DTRBFx[1)). 


8 Bytes received (DTRBFx[0 .. 7]). 
Not allowed. 


BUFF_LENG | 3..0 : 
2 
8 

other 


BUFF_ERRS | 5..4 00 No error. 
01 CRC error. 
10 | Non Byte-Aligned frame. 
11 Aborted frame. 


BUFF_SFRM 0 Data stream. 

1 Start of frame : the buffer is a beginning of frame. 
BUFF_EFRM 7 0 Data stream. 

1 End of frame : the buffer is a closing frame. 


IV.8.6.3 - Single Short Frame 
Figure 36 


ee [bo _[orc|svepiforc| sve [bz [orc Br 03 [orc [sve 


BUFF_ERRS 


BUFF_SFRM 
BUFF_EFRM 


BUFF_LENG 


(BUFF_DATA) 


38/73 
49g, MiBolinensases 
43 


75C52-61 EPS 


1V.8.6.4 - Long Frame 
Figure 37 


RECEIVED 
D3 | CRC| $7E 
DATA orc] $ 


BUFF_ERRS 3 . 3 ; m0 


BUFF_SFRM 
BUFF_EFRM 
BUFF_LENG 


(BUFF_DATA) 


Note 1 : If error occurs during the reception, it is signaled in this last buffer. 


IV.8.6.5 - Aborted Frame 
Figure 38 


RECEIVED 
DATA 


BUFF_ERRS 
BUFF_SFRM 


BUFF_EFRM 


BUFF_LENG 


(BUFF_DATA) 
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V - TONE DETECTORS 


For additional information about the TONE DETEC- 
TORS please refer to Chapter VIII of the 
ST75C52/520 Data Sheet. 


V.1 - Computation of Tone Detector Coeffi- 
cient and How to Change Them 


1) Elementary Properties of IIR Filter 


The filters included in the modem are biquad filter 
(see above) that is IIR filter. The most general form 
of the z transform of IIR can be written as : 


M 
> bi-z! 
i=0 

N 


1+) a-z! 
i=0 
The magnitude-squared response of a filter is de- 


I { Exp 2 * TU = i = f 2 
Fe 


The poles and zeros of a magnitude-squared func- 
tion are distributed with mirror-image symmetry 
with respect to the unit circle in the Z plane. The 
filter is stable if all poles of the transfer function are 
situated inside the unit circle in the z-plane. The 
group delay of a filter is a measure of the average 
delay of the filter as a function of frequency. A 
desirable group delay characteristic is approxi- 
mately constant over the passband of the filter. 


Choosing a filter type : 
The well-known analog filter classes are the Butter- 
worth, Chebyshev and Cauer or elliptic filter. If the 


H(z) = 
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characteristic of the filter is not severe, a Butter- 
worth filter can be used because of the flat re- 
sponse in the passband and the small group delay 
. The drawback is a relatively wide transition band. 
If the characteristics of the filter are severe with a 
narrow transition band for instance, an elliptic filter 
should be chosen in order to minimize filter order. 
The drawback is a very non uniform group delay , 
especially a large value when approaching the 
passband edge. 


2) Computation of Tone Detector Coefficients 


We will take a Butterworth filter for a simplicity of 
tuning : 


We have 


29 = 
Bi (C,z) = G3, Uae Care eit 


130 «Cyag 182 
(C11+2+Cg-2'+2-Cr1o-z* 
1-2-C7-7°-2-Ca-z7 


Let C3 = Co = 0, C5 = Cq1 = 1, Ca = C19 =-0.5 
This : 


-2 
B1 (C,z) = Co ve 


4-2-R-cos (6) +R? 
Laz * 


Ce 
1 —2-Ra-cos (01) + (Ra) 


with R = Ra 
C;1=R-cos (8), C7=R- cos (61), 
R* Ré 


AYA, BBottienoces 


This method is available for any frequency in the 
400Hz -3kHz band. The radius of the tone detector 
pole was chosen so that each filter has a high Q 
factor without being unstable. 
We choose R in the Table 16. 


Were Fo is the desired center frequency and Fe is 
the sample frequency (Fe = 7200Hz). 


We take two different filters, first one is centered on 
(Fo - Fa), second one on (Fo + Fa), were Fa is the 
frequency offset. The value of Fa is approximately 
72% Of the band width divided by 2. 


ro ra Fo + Fal 
1: Fe O1=2-n- 


a0) 
II 
NO 


The value of Fa should be equal to Fai. However, 
Fa may be choosen 1% smaller than Fai to com- 
pensate for the fact that the overall cascade re- 
sponse is not perfectly symmetrical. 


The values for the coefficients CO and C6 that give 
unity gain were measured and plotted versus cen- 
ter frequency Fo. Three equations corresponding 
to three linear approximations result : 


Table 16 


f SGS-THO eae 
SA MIGROELECTRONICS 


Frequency Range 400-800Hz 800-1200Hz 1200-200Hz 2000-3000Hz 
-((R x R) / 2) x 32767 $C084 $C0C4 SCOE6 $C147 


ee 0.96 0.996 0.990 
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qg it 100 
400<f<1400 Co=—“Zaa55 (CO) 
a f + 400 
1400<f<2400 Co= “30768 (C014) 
-f+ 325 
2400 <f<3000 Co= 32768 (CO2+) 
Figure 39 
CO x 32768 
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V.1.1 - Computation of Tone Detector Coefficients using Mathcad Software 

Mathcad software is a popular software from mathsoft Inc. We simply give an example of computation using 
this software to illustrated the above theory. 

Tuning of coefficient for a band pass 1850Hz filter 


*** Enter filter characteristic *** 
Sampling Frequency Fe = 7200 
Central Frequency Fo = 1850 
Frequency offset Fa=18 


KKK 


*** Define some Mathcad constant and formula 
Default sampling Frequency Fe = 7200 
Complex constant j=v-1 ; 
Complex Frequency Function Z(f) = exp [2 Tj Eo 


dB Function dB(x) = 20 - log (x + 10°) 
Hexadecimal Function H(x) = if (x < 32768, X, X - 65536) 
: _ Ho 
Hexa to Fractional Function D(x) = 30768 
Hexadecimal Display Function X(x) = if (x < 0, 65536 + x, x) 
f f ; . -1 -2 -2 -2 
The transfer function is BIC aeG, omen mes 7 2G, a o, Cut Ce S +2 Cio z 
1-2 C;-z -2 G-z 1-2 C7; z -2 Cg:z 
*** Extract Pole Location *** 
Band pass center Frequency @=2n- 8 61=27- a 


Take care to have the good value of radius 

300 < Fo < 800R : = 0.996 1200 < Fo < 2000R : = 0.993 
800 < Fo < 1200R : = 0.994 2000 < Fo < 3000R : = 0.890 
Fo = 1.85 - 103 then Pole radius : R = 0.993 


kkk 


*** Compute coefficients 
Coefficients Formula k =0.. 11 


3 
amas Ci =R.- cos(6) ac Co=0 Ca=-05 Cs=1-— 
32768 2 32768 
= . Fo + 400 sae 
Ce = ~35768 C7=R.- cos(61) Cg = 5 Co=O0 Cio=-0.5 Cy =1- 32768 
Coefficients in Hexadecimal form : Cx = 


H(07FFFH) Coefficients to be downloaded into the Modem 
th TDW 
H(023DH) wi C commands 


*** Compute Transfer Function *** 


Frequency Range : f = 0,1 .. 3000 
Fis = dB (IB1(C,Z(f))I) F11850 = 0.387dB 
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*™ Display Transfer Functions 
Figure 40 
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V.1.2 - Computation of Tone Detector Coeffi- 
cients using TD Software 


Tone Detector Description 


Refer to the ST75C52/520 Data Sheet for detailed 
description of the tone detectors, Figure 2 
(ST75C52/520 Data Sheet) for the Biquadratic IIR 
filter, Figure 3 for the Power estimator, Figure 4 for 
the tone detector wiring address (first half) and 
Figure 5 for the tone detector wiring address (sec- 
ond half). There are 16 programmable tone detec- 
tor cells available. Each cell contains a 4th order 
IIR(biquadratic) filter, energy estimator consisting 
of an absolute value measurement and a 1st order 
low pass filter, 2-input comparator, and a static 
level. Detect information is sent to status word 
TONEDET. The user has the possibility of sending 
commands to the data pump to program the tone 
detectors for almost any desired transfer function. 
For each cell, the command TDWC can be used to 
program the 12 coefficients of the 4th order IIR filter 
(CO to CB), the 1st order low pass filter coefficient, 
and the static level. The command TDWW can be 
used to program the wiring between cells for cas- 
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cading and signal routing. One is free to program 
the IIR input, energy estimator input, and compara- 
tor + and - inputs. 


Program TD Description 


The user has the possibility of calculating his proper 
coefficients and determining the corresponding 
TDWC and TDWW commands manually but, the 
program TD was written to facilitate this task. The 
purpose of this chapter is to give the operating 
instructions for using program TD for quick develop- 
ment of the code needed to program the detectors. 


Compatability and Input/Output 


Program TD is written in FORTRAN and is ex- 

ecutable on almost any PC with hard disk using 

MS-DOS. Input is from the keyboard and output is 

on the screen. Also, several useful files are gener- 

ated by the program : 

a) TD.SPC - contains trace of filter specifications 
given by user 

b) TD.RES - shows floating-point frequency 
response of specified filter 

c) TD.CCI - CCl commands needed for the data 
pump for specified filter 


Starting the Program 


To start the program, the user should first create a 
directory and load program TD.EXE into the direc- 
tory. The command TD is now sent while in the 
created directory to start program execution. The 
program will then display ENTER TYPE. The fol- 
lowing paragraph will describe the filter types. 


Choosing a Filter Type 


Four possible filter types are available to the user 
with the following characteristics : 


BUTTERWORTH : This type of filter has a maxi- 
mally flat pass-band with no ripple. It has multiple 
zeroes at half the sampling frequency (3600HZz) or 
D.C. or at the center of the band for band-stop 
configurations. 


CHEBYCHEV : Equiripple in the pass band and flat 
response in the stop band which is particularly 
useful for band rejection filtering. 


INVERSE CHEBYCHEV : Ripple-free pass band 
and more efficient than the Butterworth. For the 
same target design template, a lower order filter is 
necessary. Equiripple stop-band characteristics 
render this type useful for band-pass, low-pass or 
high-pass filtering. 

ELLIPTIC : This type of filter is the most efficient 
and can have narrow transition bands. However, it 
is characterized by ripple in the pass and stop 
bands. Once the type is chosen, the program will 
ask for LOPASS, HIPASS, BANDPASS, or BAND 
REJECT filters. 
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Choosing a Filter Order 


For all but Elliptic types, the program TD will ask the 
desired order. The user must specify the number of 
cascaded biquads (2nd order sections) desired. 


Defining and Optimizing a Target Template 


The corner frequencies for pass band and/or stop 
band are required by the program, and attenuation 
in the pass band and/or stop band for all types 
except Butterworth. These attenuations are in dB 
referenced from ithe input to the output. The pro- 
gram now calculates the transfer function in the Z 
domain displaying locations of poles and zeroes, 
and the required number of 4th order tone detector 
cells needed. This information is displayed on the 
screen and output to file TD.SPC. For the case of 
an Elliptic type, the order required is calculated from 
the transition band specified by the user, rather than 
specified directly by the user as for the other types. 
The order may be too high for the number of cells 
available or desired. The user may re-specify the 
filter. In general, one or more of the following steps 
may be performed, if the application enables it, to 
decrease the required order of an Elliptic type filter. 
- change from band pass or band reject to low pass 
or high pass, 
- increase difference between pass band and stop 
band frequencies, 
- increase the pass band ripple and/or decrease 
ihe stop band atten. 


Using an iterative process, one can optimize the 
target specification of the filter before continuing to 
the next step. 


Displaying the Ideal Frequency Response 


The program TD will now calculate the frequency 
response of the specified filter and normalize coef- 
ficients to avoid overflow in the DSP ALU. The 
program now proceeds with the display of the fre- 
quency response on the screen. The user is asked 
by the program TD to specify start, stop, and step 
frequencies to facilitate interest in a particular por- 
tion of the frequency response. Once displayed, the 
program asks if the response is to be re-displayed 
allowing the user to change the frequency ranges. 
The desired frequency response is calculated in 
floating-point while the actual program imple- 
mented in the data pump uses a fixed-point DSP. 
In most cases, there should not be too much differ- 
ence between the two calculation methods if the 
transition bands are not too narrow in the case of 
Elliptic types or the order is not too high for all types. 
At this point, the user has a better idea of the 
transition bands for Butterworth and Chebychev 
designs and also the unity gain loss. The normali- 
zation process may, in some cases to avoid over- 
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flow, result in an attenuation in the pass band or 
unity gain loss. Increasing the order of the Butter- 
worth or Chebychev filters may be necessary for a 
narrower transition band. Widening of the transition 
band may be necessary for diminuing the unity gain 
lossof an Elliptic filter. In any case, the frequency 
response is written to file CP-RES for reference 
after the end of program execution. This can be 
especially useful for reference if several optimiza- 
tion attempts are desired. 


Choosing the Used Cells 


The program TD will now ask for the starting cell 
number (a number from 0 to F). The program will 
write CCI instructions for programming n (n= or- 
der/4) cells starting from the given address. The 
program cascades the biquadratic filters. However, 
only the last comparator and static level are used 
for the detection decision. This means that, even- 
tually, the comparators or static levels for interme- 
diate cells could be programmed for other 
functions. If the user, for example chooses 1 for the 
starting address, and there are 3 cells used, then 
the detection bit for this configuration will be avail- 
able in TONEDET(0) position 3 (refer to ST75c5x 
data sheet). The user should choose a relatively 
low starting address beginning with the first unused 
position, if possible. This is because the execution 
time of the detectors in the non-idle mode may 
necessitate the utilizaton of less than 16 cells 
(NTDCELL .It. 16 refer to ram mapping application 
note). In this case the higher cell numbers are not 
executed. 


Selecting the Detection Thresholds 


The detection threshold is now asked for by the 
program to define the minimum detectable input 
signal level ata pass band frequency with OdB unity 
gain loss. The program will remind the user of the 
actual unity gain loss due to normalization and, in 
general, the desired threshold must be lowered by 
the number of dB in the unity gain loss. However, 
threshold levels lower than -50dBm are not reliable 
as the minimum dynamic range of the detectors will 
be surpassed. 


Selecting the Energy Estimator Time Constant 


The energy estimator time constant is now asked 
for by the program and the user will specify the 
value in milliseconds. Atypical value of 8 is used for 
the default tone detectors but, if the user designs a 
filter with a particularly large group delay, he should 
also increase this value to avoid undesirable tran- 
sients in the detection decision. Please note that 
group delay calculation is beyond the scope of this 
program and must be calculated by other tech- 
niques from the coefficients in TD.SPC. 
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Example Listings 


The following listings give an example printout of the files TD. SPC, TD.RES, TD.CCI for a Butterworth 8th 
order low pass filter with cut-off frequency of 1000Hz. 


EXAMPLE FOR 8th ORDER BUTTERWORTH 
LPF FC=1000HZ, TH=-40dBM 


ENTER TYPE: 1 BUTTERW, 2 CHEBY, 3 ICHEBY, 4 ELLIP 
dt 


ENTER 1 LOPASS, 2 HIPASS, 3 BPASS, 4 BREJ 


i 
ENTER NUMBER OF CASCADED BIQUADS DESIRED 
4 
ENTER BAND EDGE IN UN-NORMALIZED HZ 
1000.000 

Z PLANE 

#, ZEROS (REAL, IMAG), POLES (REAL, IMAG) 

1 ~1.000000 0.000000 0.367029 0.085334 

2 -1.000000 0.000000 0.392676 0.259992 

3 -1.000000 0.000000 0.450892 0.446792 

4 -1.000000 0.000000 0.559214 0.653640 

5 1.000000 0.000000 1.000000 0.000000 

2 4TH ORDER TONE DETECTOR CELLS NEEDED |! 

F(Z) = (Z*Z + BIZ + B2)/(Z*Z + A1Z + A2) 
1 2.000000 1.000000 ~0.734059 0.141992 
y 2.000000 1.000000 200785351. 0.221790 
3 2.000000 1.000000 ~0.901784 0.402926 
4 2.000000 1.000000 -1.118428 0.739966 

TD.RES 

Freq(Hz): Gain (dB) 

QO RAK RRR RK RRR KKK KKK K KKK KKK KKK KK KK KKK KK KK KKK KK KK KK KK 0.0 
LOO RRR RRR RR KERR KKK KKK KKK KK KKK RK KR KR RRR KK KK KR KK RR RK KK KK 0.0 
DOO ERR R KKH KKK KKK KKK KE KKK KKK KK KK KK KR KR KK KR KR RK KKK RR KR KK KK 0.0 
300. RRR RRR KKK KK RK KKK KK KR KR RR RK KR RK RK RK RR Kw KR KK 0.0 
400 RRR RRR RK KAR KKK KR KKK KKK KKK KKK KKK KKK KKK KK KK KR KK KKK KK 0.0 
500 KR K RAK KKK KK KKK KK KKK RRA KK RR KK KKK RR KK RR Rk KK KK 0.0 
600 ERR RRR RRR KKK KKK KKK KKK KK KR KR RK KR RRR RR Kk kk RK KK KKK KK 0.0 
TOO RRR KKK RRR KKK KKK KR KKK KKK KKK RK KR KKK RK KR RK KK KK KR KK 0.0 
BOO. FARRER RRR RK RK KKK KKK RK KR KKK KKK KKK KKK KR KK KK KKK KKK KK KK -O.1 
QO0 RRR RRR KKK KK KKKKKKKK KKK KKK KKK KKK KKK KK KKK KKK EK KKK K ~0.6 

LOOO. KR KR RK KKK KR KKK KKK KK KKK KKK KKK RK KK KK KR KK RK KKK KK KK —-3.0 

1100. RR KEK RK RK RK KKK KKK KK EK KERR KKK KK KK KKK KKK KK KK -8.3 

L200. RRR KK EEK RKKEKEKKKE KEKE KKKEKKKKKSK -~15.0 
L300 KERR KKK KK KKEKKK KK KKK KKK KKK KKK -21.7 
L400 RRR RRR KKK KEK KKK KKK KKK KK -28.3 
L500. RRR KERR KKK KEKE ~34.6 
1600. ** eR KKK -40.8 
1700.*** -46.9 
1800. SEBA0 
1900. 259.4 
2000. -65.2 
2100. a7 iicd 
2200. =77.8 
2300. “p43 
2400. 297.2 
2500. -98.4 
2600. -100.0 
2700: -100.0 
2800. -100.0 
2900. 2100.0 
3000. -~100.0 
3100. -100.0 
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; 4TH ORDER BIQUAD CELL 9 COEFS 


CCI TDwC 9 0 1B 1A 
CCI TDWC 91 FA 2E 
CCI TDWC 9 2 EA F6 
CCI TDWwC 9 3 00 40 
CCI TDWC 9 4 00 20 
CCI TDWwC 9 5 00 40 
CCI TDWC 9 6 EE 1B 
CCI TDWC 9 7 43 32 
CCI TDWC 9 8 CF F1 
CCI TDWC 9 9 00 40 
CCI TDWC 9 A 00 20 
CCI TDwc 9 B 00 40 
; 4TH ORDER BIQUAD CELL A COEFS 
CCI TDwC A 0 12 20 
CCI TDWC Al B6 39 
CCI TDWC A 2 37 E6 
CCI TDWC A 3 00 40 
CCI TDWC A 4 00 20 
CCI TDWC A 5 00 40 
CCI TDWC A 6 JE 23 
CCI TDWC A 7 94 47 
CCI TDWC A 8 A5 DO 
CCI TDWC AY 78 47 
CCI TDWC A A BC 23 
CCI TDWC A B 78 47 


; POWER ESTIMATOR AND BIQUAD INPUTS 
CCI TDWW 9 0 19 02 

CCI TDWW A O 1A 19 

; COMPARATOR - AND + INPUTS 

CCI TDWW A 1 3A 2A 


; DETECTION THRESHOLD AT -40.00 DB 
CCI TDWC A 20 70 00 
; ENERGY TIME CONSTANT IS 8.00 MS 


CCI TDWC A 10 E3 08 


; CLEAR INTERNAL VARIABLES OF ALL USED CELLS 


CCI TDZ 9 
CCI TDZ A 


V.2 - DTMF Detection 


The way the DTMF detector is implemented is 
differential. First we split the 300Hz - 3kHz band 
signal in upper band and lower band. These two 
signals feed the input of 2 times 4 band filters (tuned 
on the 8 DTMF frequencies). To detect a valid 
DTMEF signal, we check that the ratio between the 
upper band and the lower band is within plus or 
minus 8dB. Then we check if only one band pass 
detector is higher than the half band signal (either 
upper or lower band). 

STAOPTO and STAOPTT1 (in the optional status) 
indicate the tone detectors TDTO to TDT75. In this 
receive mode the 12 last tone detectors are set to 
detect the DIMF frequencies (the first 3 Tone de- 
tectors are unchanged). 


46/73 


440 


Table 17 


TDTO 
TDT1 
TDT2 


TDT3 
TDT4 


TDT5 


TDT6 
TDT7 
TDT8 
TDT9 


: 440Hz (unchanged) 


: Wide Band (unchanged) 
: Call Progress low pass 650Hz 


(unchanged). 


: Not used 
: Low Pass 960Hz filter 


(Chebishev order 8) 


: High Pass 1190Hz filter 


(Chebishev order 8) 


: Not available 
: Not available 
: Band Pass 697Hz Filter + 12Hz 


TDT10 : 
TDT11 : 
TDT12: 


TDT13 


AY, Rison 


Band Pass 770Hz Filter + 13Hz 
Band Pass 852Hz Filter + 15Hz 
Band Pass 941Hz Filter + 16Hz 
Band Pass 1209Hz Filter + 20Hz 


: Band Pass 1336Hz Filter + 22Hz 
TDT14: 
TDT15: 


Band Pass 1477Hz Filter + 24Hz 
Band Pass 1633Hz Filter + 26Hz 


Figure 42 
Fs (Hz) 


HEE 


f — FI f (Hz) 


ee ---F2, (Hz) 


RESP e 
SERENE 
| | pore tise || | | tte 


500 1000 1500 2000 2500 3000 


baa 


Figure 43 
F; (Hz) 
6 
— Fi f (Hz) 
“4 | ---F2; (Hz) |_| 
— Fs, (He EGE 
TEN APIA | TT 
area) Ne 


SNARE 
= 


IIe AA 
CECCeCCP PPR SCR CCOE 
BERR ERP CY ARBNANER TT 
PT TT Tt Abra TT NISING 
Renter Aaa Reee Cases 
LITT AoA TE ONES 


-34 
-44 


-54 


0 300 600 900 1200 1500 


Figure 44 
Ff (Hz) 
6 


A 
ao CCCP PEEPS 
4 aA NEBL 
aa PLD Z aN ESD 

Ep /5_ anne eeee 
Ae eee 


900 1200 1500 1800 


-54 


600 21 00 


KA Se eee 


75C52-67 EPS 


75C52-68 EPS 


75C52-69 EPS 


ST75C52 USER’S MANUAL 


Hereafter are given the coefficients for the different 
filters used in DTMF detection. 


Coefficients for Low Pass Filter from CO to C23 
are: 

300h, 6BE2h, Di17h, 401Ch, 200Eh, 401Ch, 
DB9h, 6388Ch, CE22h, 20BFh, 105Fh, 20BFh, 
1C6Eh, 592Ch, C934h, 4065h, 2032h, 4065h, 
212Eh, 53EAh, C33Eh, 4C16h, 260Bh, 4C16h 


Coefficients for High Pass Filter from CO to C23 
are : 

1C8Eh, C933h, EB1i4h, BB3Fh, 2260h, 44C1h, 
5975h, 249h, DAODh, B9FDh, 2301h, 4603h, 
6E54h, 2BCOh, CC87h, AGE1h, 2C8Fh, 591Fh, 
2DE8h, 3EE4h, C3C4h, 8000h, 4000h, 7FFFh 


Coefficients for Band Pass 697Hz Filter from CO to 
C11 are: 

26Ah, 671Dh, C164h, 0, COOO0h, 7FFFh, 2A8h, 
68B6h, C15Ah, 0, COOOh, 7FFFh 


Coefficients for Band Pass 770Hz Filter from CO to 
Cii are: 

2E8h, 6213h, C180h, 0, COO0Oh, 7FFFh, 2CBh, 
63F2h, C175h, 0, C549h, 756Dh 

Coefficients for Band Pass 852Hz Filter from CO to 
C11 are: 

378h, 5BE9h, C1A4h, 0, COOO0h, 7FFFh, 30Eh, 
5E22h, C199h, 0, COFDh, 6CO4h 


Coefficients for Band Pass 941Hz Filter from CO to 
Ci are: 

35Bh, 574Fh, 408h, 54B4h, C1C8h, 0, COOOh, 
7FFFh, C1iBDh, 0, CDFFh, 6401h 

Coefficients for Band Pass 1209Hz Filter from CO 
to C11 are: 

5D6h, 3C1Eh, C237h, 0, COOOh, 7FFFh, 44Bh, 
SFF4h, C22Ch, 0, D6OEh, 53E3h 

Coefficients for Band Pass 1336Hz Filter from CO 
to C11 are: 

6BAh, 2F45h, C269h, 0, CO00h, 7FFFh, 4ABh, 
33ADh, C25Fh, 0, D846h, 4F72h 

Coefficients for Band Pass 1477Hz Filter from CO 
to C11 are: 

7A1h, 2058h, C2A3h, 0, COOOh, 7FFFh, 52Bh, 
2563h, C29Bh, 0, DOEFh, 4C1Fh 

Coefficients for Band Pass 1633Hz Filter from CO 
to C11 are: 

891h, F53h, C2E1h, 0, COO00h, 7FFFh, 5B2h, 
1501h, C2DCh, 0, DB27h, 49B0h 
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Cell Description 


The first cell (# 0) is programmed as a 440Hz tone detector (Call Waiting Detection) and is never changed 
whatever the DSP is doing. After a RESET (or INIT command) or any conf command, its parameters are 
set to detect the 440Hz single tone. 

The Template of this filter is : 


Table 18 


| Name | Cell Number Pass Band Stop Band Ripple (dB) Reject (dB) 
/Calwat | 0 | BandPass | 490450Hz | 360,590H2 


The second and third cell (#1 and #2) are used for Call progress detection. It is a Low pass filter with a cutt 
of frequency of 650Hz. This filter like the previous one is never changed. 
The Template of this filter is : 


frequency of 600Hz. 
The Template of this filter is : 


Table 20 


| Name | Cell Number Pass Band | StopBand | Ripple (dB) | Reject (dB) 


While using the DTMF Mode (with a conf command) the cell 4 to 15 are overwritted with the DI MF detector 
parameters. 


Cells number 5 and 6 are not used 


The cell number 7 is used to detect the 462Hz single tone. It is a band pass filter. 
The Template of this filter is : 


Cell number 8 is used to detect the 1100Hz single Tone. 
The Template of this filter is : 


Table 22 


Name Cell Number Stop Band | Ripple(dB) | Reject (dB) 
aniio0 | 8 | BandPass | 1070,1130Hz | 1000,1275Hz 
Cell number 9 is used to detect the 1300Hz single Tone. 
5 


The Template of this filter is : 
Table 23 


Name Cell Number Stop Band Ripple (dB) Reject (dB) 
anisoo | 9 __+| Band Pass _| 1275,1925Hz | 1000,1600H 
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Cells number 10 and 11 are used to detect the V21.1650Hz Mark Tone. 
The Template of this filter is : 


Table 24 


Cell Number Sop Sond_| Ripple 8) | ejs a) 


Cells number 12 and 13 are used to detect 1TU2100Hz Answer Tone. 
The Template of this filter is : 


Table 25 


[Name | Geli Number Sop Sard_| Ripe @6) | Repo 


Cells number 14 and 15 are used to detect 2225Hz Answer Tone. 
The Template of this filter is : 


Table 26 


| Name | Cell Number Type Pass Band Stop Band ee (dB) a (dB) 


Bit Description 


Refer to the figure hereunder for the default wiring of the cells. 
The 16 bits output of the tone detectors have the following meaning : 


Table 27 


| o —| 0 Bandpassa4onz | Cet | Cetlto | Cello 

Flat (signal > 21081) es ee 
2 Call progress low pass 650Hz 
Gall progress high pass 600H2 
oe ae OP High < GP Low ina 


a: ee eee - eee Not used 


a used ee eee, 
| = 7 ‘| Band pass 462Hz sr 7 Cell 7 Cell 7 


1 0 Band pass 1100Hz ee 8 Cell 8 Cell 8 
1 1 Band pass 1300Hz ate Sets 9 Cell 9 Cell 9 


| 4 | 2 ——s| Band pass 1650Hz | CellAB | CellB | 
Not used eee, ee 


3 - 
Band pass 2100Hz CellC,D | CellD Cell C 
Not used aaa | ae Te 
CellE,F | Cell F Cell E 


Note: Biquad of cells 5 and 6 are not used Power of cells 4, 5, 6, A, C and E are not used. Level of cells 4, 5, 6, B, D and F are not used. 


—_ 
ine) 


Band pass 2225Hz 
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Figure 45 : Tone Detector Wiring Address (first half) 
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Figure 46 : Tone Detector Wiring Address (second half) 
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V.3.1 - Band Pass 440Hz Filter V.3.3 - Band Pass 1100Hz Filter 
Figure 47 Figure 49 
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Coefficients for band pass 440Hz filter from Co to Coefficients for band pass 1100# filter from CO to 
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C11 are: C11 are: 
085h, 74D7h, C15Ah, 0,CO00h, 7FFFh, 02D4h, 1FDh, 4551h, C263h, 0, COOOh, 7FFFh, 64Dh, 
760F, C146h, 0, COO0O0h, 7FFFh 4AC7h, C24Eh, 0, EC8Ah, 26EBh 
V.3.2 - Band Pass 462Hz Filter V.3.4 - Band Pass 1300Hz Filter 
Figure 48 Figure 50 
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Coefficients for band pass 462Hz filter from CO to Coefficients for band pass 1300HzZ filter from CO to 


C11 are: Ci1 are: 

O66H, 7461H, COEOH, 0 , COOOH , 7FFFH, 0251H, 1DFh, 32BDh, C1FAh, F788h, 4000h, 7FFFh, 
7583H, COD5H, 0 , D555H, 5554H C95H, 37C6h, C1FOh, A882h, 4000h, 7FFFh 
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V.3.5 - Band Pass 1650Hz Filter 
Figure 51 
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Coefficients for band pass 1650Hz filter from CO to 
C23 are: 

1Cih, F35h, C1C3h, 0, COOOH, 7FFFh, 2ABh, 
11C0h, C1C2h, 0, COO0Oh, 7FFFh, 1E7h, D83h, 
COBDh, 0, COOOH, 7FFFh, 54Fh, 13B2h, COBCh, 
0, FOB6h, 1E91h 


V.3.6 - Band Pass 2100Hz Filter 
Figure 52 
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Coefficients for band pass 2100Hz filter from CO to 
C23 are: 

10Fh, E014h, C116h, 0, COOOh, 7FFFh, 1E7h, 
DE39h, C115n, 0, CO00h, 7FFFh, 18Dh, E13Eh, 
C074h, 0, CO00h, 7FFFh, 468h, DCBFh, CO73h, 0, 
FO17h, 1FD1h 
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V.3.7 - Band Pass 2225Hz Filter 
Figure 53 
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Coefficients for band pass 2225Hz from CO to C23 
are : 

17Bh, D245h, C187h, 0, COO0Oh, 7FFFh, 2DEh, 
CF76h, C183h, 0, COOOh, 7FFFh, 206h, D3FAh, 
COA4h, 0, CO00h, 7FFFh, 672h, CD29h, COA1h, 0, 
EFDFh, 203Fh 


V.3.8 - Low Pass 650Hz Filter 


Figure 54 
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Coefficients for low pass 650Hz filter from CO to 
C23 are: 

230h, 6C2Ch, D1A8h, 3FFFh, 1FFFh, SFFFh, 
738h, 69CAh, CEFDh, 4000h, 2000h, 4000h, 
E73h, 6760h, CA21h, 400Eh, 2007h, 400Eh, 
124Dh, 681Bh, CBACh, 453Ch, 229Eh, 453Ch 
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V.3.9 - High Pass 600Hz Filter 
hares 55 
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Coefiicients for high pass 600Hz filter from CO to 
C23 are 

* 33CO0h, 116Dh, F836h, 91ACh, 372Ah, 6E54h, 
44C4h, 4527h, DB80h, 8000h, 4000h, 7FFFh, 
3EDOh, 608Fh, CB9Fh, 8000h, 4000h, 7FFFh, 
20ACh, 6C9Dh, C350h, 8001h, 4000h, 7FFFh 
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Vi - CONTROL IN TRANSMIT MODE 
V1.1 - Analog Hybrid Implementation 


The following schematic shows the hybrid used on 
the ST9 SGS-THOMSON application board. This 
hybrid is designed to use the ST75C52/520’s maxi- 
mum performances (differential Input and Output). 
The operational amplifier U1 is only used for trans- 
mit purpose and powered between +12V and -12V. 
The reference signal (Pin 3 and 5 of U1) is tied to 
Vom which is the reference for the ST75C52/520 
sigma delta digital to analog convertor. 

The user could connect Pin 3 and 5 of U1 to the 
analog ground. In such a case TXA1 and TXA2 
must be connected to the 13.2kQ resistors through 
capacitors (minimum 100nF). 

The Transmit Gain is given by the ratio 
22kQ/13.2kQ. It gives a default level of -9dBm on 
the telephone line. We have a full differential low- 
pass filter on transmit side before the DAA (second 
order) with Fc = 19.6kHz. 

The return loss (very important parameter) could 
be adjusted by changing R3. In fact R3 value de- 
pents on the transformer. In our case R3 = 220Q. 


VI.2 - Default Level (Tones, Carriers, DTMF) 


The following table gives the default level on the 
telephone line for all the possible carriers, the tones 
(predifined), and the DTMF signals. 


Table 28 

|Bell103Answer | 86 

PONE ae te Me ees od 
ie eee 
a aaa 


Bell 103 Originate 
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Hybrid implementation for differential input and out-_ - 
put (all the levels given in the chapter where meas- 
ured with this schematic) (see Figure 56). 


Table 29 


Signal | Deefault Level (dBm) _| 
DTMF4 - 9.3 
- 9.32 


[MOONS os | ees | 
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Figure 56 : High Performance Differential Hybrid 


R = 20kQ, R1 = 15kQ, R2 = 82kQ 
R3 = RO/2 where Ro is the value for the best return loss 
All resistors are 1% tolerance 
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VI.3 - How to Adjust Level Transmission 


The user can adjust the level on the line with the 
SET OUTPUT GAIN (SETGN) command, which is 
done to set the Scaling Factor of the Transmit 
samples. SETGNis used for setting both the output 
level or the tone generators level. The gain value is 
given in the form of a 2’s complement 16-bit value. 
SETGN parameters are given in two bytes : 


Table 30 


[Field [Byte | Pos.| Value | Definition 
7..0 


GAIN_L 1 range FF*| Low byte of the 
16-Bit gain value 
GAIN_H 2 7..0 | range 7F* | High byte of the 
16-bit gain value 
Table 31 : Examples 
Gain Gain Gain Gain Gain Gain 
(dB) | (Hex) (dB) | (Hex) | (dB) | (Hex) 
| 0 | 7FFF | -5 | 47FA | -10 
aia | -6 | 4026 2813 


[=a [saa | -@ [sors [13 | 10A7 | 
[=4 [soca | -9 | apea | -14 | 1988 


The default level for DTMF is tuned to obtain -9dBm 
on the telephone line with the default value of 
SETGN (7FFF or OdB). To increase the level of the 
DTMF the user must use the variable T@NBLK for 
the tone generator O and the the tone generator 1. 


For example to obtain -4.5dBm on the line, the 
amplitude must be multipled by 1.73. The actual 
amplitude for tone generator 0 and tone gener- 
ator 1 are located at address $11EE and $11F1. 
The default values are read with the MR command 
and the new values are initialized with the MW 
command. 


The sequence is : 


MR EE 11 Read the tone generator 0 
amplitude 

COMREP[O] = 36 : Low byte value 

COMREP{[1] = OF : High byte value 

MW EE 11501A : Write new tone generator 0 
amplitude 

MR F1 11 Read the tone generator 1 
amplitude 

COMREP[0] = 7A : Low byte value 

COMREP[1]=13 : High byte value 

MW Fi11B121 : Write new tone generator 1 
amplitude 
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The value which will be used for SETGN will add or 
substract dB to the new tone generator amplitude. 


If we want to decrease the level given in Chapter 
V1.2 (default level) by 2dB for example we only have 
to send STEGN AC 65. The following tables show 
the new levels measured on the telephone line after 
a 2dB theoric attenuation. 


Table 32 : Example 


Default Level Sonal wiih 
Sos SETGN (dBm) 


rBel 103 Answer | -26 | -106 


V 


Table 33 : Example 


oom [Sar | Sa 
(dBm) with SETGN (dBm) 
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V1.4 - Transmit Equalizers 


The following types of equalizers are built into the 
modem to improve the transmission performance 
when the line conditions are poor. They are also 
built to compensate the interpolation filter of the 
analog front end part of the ST75C52/520. 

4 equalizers can be selected : 

- type O built to compensate just the filter of the 

analog front end part, 
- type 1 built to compensate the filter of the analog 


Figure 57 : Amplitude Equalizer Characteristics 


front end and the amplitude distorsion of the 
0.4mm diameter non-loaded cables of 1.8km, 

- type 2 built to compensate the filter of the analog 
front end and the amplitude distorsion of the 
0.4mm diameter non-loaded cables of 3.6km, 

- type 3 built to compensate the filter of the analog 
front end and the amplitude distorsion of the 
0.4mm diameter non-loaded cables of 7.2km. 


The characteristics of amplitude equalizers are 
ploted on the figure hereunder (see Figure 57). 


10 
fies Ree 
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Vil- CONTROL IN RECEIVE MODE 

VIl.1 - Analog Hybrid Implementation 

Refer to the schematic showed in Chapter VI.1. As for the transmit hybrid the receive hybrid is designed to 
use the ST75C52/520’s maximum performances (differential Input). The operational amplifier U2 is only 


used for reception purpose and powered between +12V and -12V. This analog interface allows to receive 
a signal up to OdBm. 


The receive gain is given by the formula Grec = 1 + (R1x2)/R2, with R1 = 15kQ and R2 = 82kQ. 
Both RXA1 and RXA2 must be referenced to Vcm. 


VII.2 - Carrier Detect Signal 
The DSP uses the following internal variables for carrier detection : 


DETHF(R/W) Fast detection threshold at address $16C2 
DETH (R/W) Slow detection threshold at address $16C1 
LOSSTH (R/W) Slow loss threshold at address $16C4 
LOSSTHF (R/W) _ Fast loss threshold at address $16C3 


The carrier detect is displayed on status byte 0, bit 0 as well as on the CD pin of the ST75C52/520 serial 
interface and is active at the end of the synchronization sequence for V.17, V.29, V.27, V.21 ch 2 provided 
the detection threshold has been reached. For FSK modes, it is active provided the threshold has been 
reached. The carrier detect algorithms use, 2 signal level integrators a fast integrator for quick detection 
with a limited precision and a slow integrator for enhanced precision. There are four thresholds programmed 
with default values for each of the modes V.33, V.17, FSK, V.29, and V.27 which can be modified by the 
user after the conf command. Typical values for V.17 are shown below as an example and doubling the 
value read will increase the threshold by approximately 6cB : 

(-40dBm) $167 DETHF (fast detection threshold) 

(-44dBm) $140 DETH (slow detection threshold) 

(-47dBm) $D0O LOSSTH (slow loss threshold) 

(-51dBm) $A0O — LOSSTHF (fast loss threshold) 


note that it is mandatory to have : 
DETHF > DETH > LOSSTH > LOSSTHF 


Figure 58 
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AVGLVL1 (R) Carrier detect level. 

This level is the ouput of the slow level integrator with a 200ms time constant. The formula for the rx lvl on 
the line for a V.17 receive signal, for example, is a function of x, the value of the variable at address 
AVGLVL1 : 

RxLevel = 20 * log(x) - 93 in dBm 

_FASTLVL (R) Fast carrier detect level. 

This level is the output of the fast level integrator calculated with a 10ms time constant and obeying the 
same formula as above with, of course, more ripple for a given level due to the smaller time constant. 


59/73 
kyy, SEScttemane. 


453 


75C52-81 EPS 


ST75C52 USER’S MANUAL 


VII.3 - Received Signal Dynamic Range 


The received signal dynamic range mainly depents 
of the hybrid. The ST75C52/520 with the above 
hybrid using the differential input can receive carrier 
up to OdBm. Be careful that the hybrid is powered 
between +12V and -12V. 


Carrier detection threshold is -44dBm, and carrier 
loss threshold is -47dBm. 

DTMF detection is only possible for level higher 
than -35dBm. 

Tone detector detection thresholds are program- 
mable from -45dBm up to -10dBm. 

All the results given in this chapter refer to the 
above hybrid (Chapter VI.1). 


The table hereafter summarizes the test results for 
the carrier detection. You will find detection level, 
droptout level and hysteresis for fax modes. Tests 
were done on Automatic Modem Test Equipment 
AUTOTEST 1AE AEA. 


Table 34 


Modes | Petesny | ebay | Sa 
(dBm) | (dBm) (dB) 


The table hereafter summarizes the timing of car- 
rier detection and the timing for loss of carrier 
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detect. The time for carrier detection is about 3ms 
and the time for loss of signal carrier Detect cdt) is 
about 14ms. 


Table 35 


modes | Tees | eect ie) 
Loss (ms) Detection (ms) 

2.5 

: | 


Vil.4 - PSTN/Leased Line Selection 


The ST75C52/520 can be used both over PSTN 
network and over leased line (2 wire). 

The choice is made with bit 5 (CONF_PSTN) of the 
first parameter of the CONF command. 
CONF_PSTN = 0 will select PSTN network 
CONF_PSTN =1 will select leased line. 


The nominal carrier detect thresholds for such net- 
works are : 

- -33/-38dBm for leased line 

- -43/-48dBm for PSTN. 


VII.5 - Constellation 

For all the high speed FAX modulations the user 
can observe the constellation with an oscilloscope 
using the EYEX and EYEY signals. This feature is 
always available (no validation required). 


AYs, BiSobenones 


Vill - ELECTRICAL SCHEMATICS 
VIll.1 - First Hybrid Example 


The example is detailed on the following schematic. 
It is the hybrid used on the application boards of 
SGS-THOMSON. All the tests were done with this 
hybrid. With such a solution (differential output and 
input) and with a double power for the operational 
amplifier the user can have the ST75C52/520’s 
maximum performances. 


The transmit gain is tuned to send carrier at - 9dBm 
(default value). If the user wants to be able to send 


Figure 59 
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carrier signal at OdBm the transmit gain must be 
increased. We recommand the following proce- 
dure : 


- Replace the two 13.2kQ 1% with two 4.64kQ 1%. 
- Replace the two 220pF with two 47pF. 


- use SETGN command to decrease the level 
around -9dBm. 


If user wants to use +5V and -5V instead +12V and 
-12V we recommand to use Rail to Rail operational 
amplifier to avoid distortion. 


AGND 
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VIII.2 - Second Hybrid Example 


The following schematic is an example of a cheaper 
hybrid solution. The main difference is that the 
reception does not use the differential possibility of 
the ST75C52/520. The received signal is con- 
nected on RXA1 and RXA2 is tied to Vom. The 
signal at RXA1 must not be higher than 2.5V. The 
receive gain must be tuned to detect carrier at 
-43dBm and we suggest to limit the maximum level 
at -9dBm. 

Tuning : 

- adjust the return loss, 

- ajust the transmit gain, 

- adjust the receive gain, 

- adjust the duplexor. 


Return loss : adjust RO and CO to meet the technical 
requirements in your country which imposes the 
reference impedance (6002 or complex imped- 
ance), and the different parameters such DC volt- 


Figure 60 
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age and DC current on the line. 


Transmit gain : we recommand the following proce- 

dure. 

- Keep the SETGN default value (7FFF) 

- adjust the transmit gain (R2 and R1) and the 
transmit filter (C1) to have OdBm and Fc at 
19.6kHz. 

- adjust SETGN to obtain -9dBm (default value for 
carrier) and -4.5dBm (default value for the 
DTMF). STEGN may be different for carrier and 
DTMF. 


Receive gain : adjust R6 and R& to detect carrier 
around -44dBm. 


Duplexor : adjust R3 and R4 to remove unwanted 
carrier when in ful duplex mode. 


Hybrid implementation for differential output and 
single input (operational amplifiers use +12V and 
-12V) (see Figure 60). 


RO 
ae 
vam CO 
ul To line interface 
AGND 
V 
AGND 

R5 


Transmit Gain = R2/R1 

Receive Gain = R6/R5 

R3 and Ré4 tuned for 2 wires to 4 wires adaptation 

RO tuned to obtain the best return loss (RO (typ) = 560Q) 
CO also use return loss (CO (typ ) = 22nF) 

Transmit filter: Feo = 1/2 nm R2 C1 

All resistors are 1% tolerance 
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IX - PCB DESIGN GUIDE 
IX.1 - DAA 


The DAA has both digital and analog portions in 
which we need to have sufficient dielectrique isola- 
tion from the telephone line and to suppress EMI. 


Different technical requirements (FCC in USA, 
EN41003 in Europa...) influence the PCB design. 
In all cases the PCB layout must keep the insulation 
given by the components (i.e the distance between 
input and output for an optocoupler usally used for 
RING detection, between primary side and secon- 
dary side of the line transformer...). We suggest to 
have a visible dielectric barrier of 4mm (minimum 
value). 


The layout may have wide traces in all the DAA part 
to avoid problems due to surge tests and to carrie 
eventualy high DC current. 


We suggest to use polyswitch (fuse with auto rear- 
mament) instead of narrow traces to implement 
fusible mechanism. The polyswitch must be asso- 
ciated with a TRISIL 

(such TPA 220 of SGS-THOMSON). 


Both transmit carrier (analog signal at - 9dBm) and 
receive signal (that can be as low as -48dBm) carry 
all the information through the analog circuit and 
the DAA. These two parts must be located as close 
as possible to the RJ-11 telephone jack. 


All the protections (surge limiter, MOV or TRISIL) 
and ferrite beads must be installed just near the 
RJ-11 telephone jack. 


Figure 61 
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Protections 
TRISIL, MOV, 


To DAA and 


Analog Circuit POLYSWITCH 


Wide Traces 


We suggest to use the following protection which 
meet EN41003 technical requirements : 


Figure 62 
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F1 : Polyswitch TR250-120U (RAYCHEM) 
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IX.2 - Digital Circuit 

The Hook-control, Pulse-control, Ring-detection, 
DC current line detection (optional), ST75C52/520 
Dual Port Ram Interface, microcontroller, memory 
and DTE interface are installed in the digital part of 
the PCB. 

The equipment will use frequencies such as 
29.412MHz (for the ST75C52/520) and other high 
frequencies for the microcontroller and different 
peripherals. For such reasons the digital power 
(Vpp) and the digital ground (DGND) must be sepa- 
rated from the analog power (AVpp) and the analog 
ground (AGND). We suggest to have a four layers 
PCB with one layer for the Vpp and one layer for 
the DGND. 

It is recommanded to install a bead just at the output 
of each voltage regulator. 

All the components must have a 100nF capacitor 
between Vpp and DGND. Some component (such 
microcontroller, MODEM/FAX...) required other ca- 
pacitors usally higher than ipF. All the capacitors 
must be connected with the shortest distance from 
the powers pins. 


IX.3 - Analog Circuit 


The hybrid, the analog interface of the 
ST75C52/520 and the transformer line interface 
only carry analog signals. The power (AVpp) of the 
ST75C52/520 must be connected to the Vpp Pin of 
the ST75C52/520. The analog ground (AGND) 
must be connected to the digital point with a very 
low impedance, at one point and as close as pos- 
sible to the ST75C52/520. 

The Hybrid interface uses one positive power sup- 
ply and one negative power supply. Simple filters 
(resistors and capacitors) can be used for each 
power signal. 


Figure 63 


To positive power 
supply of operational 
man C2 amplifier 


C1 eum 


VI1, YS 17 


AGND AGND 


To negative power 
supply of operational 


C1 an me C2 amplifier 
YO 7 = 


AGND AGND 


R:1.2Qto 4.72 


63/73 


MICROZLECTRONICS 


457 


75C52-85 EPS 


ST75C52 USER’S MANUAL 


We recommand the following points : 


- the Vom reference must be generated as close as 
possible to the ST75C 52/520, 

- the two 2.2nF capacitors connected to the RXA1 
and RXA2 Pins must be as close as possible to 
them, 

- the two 100nF capacitors connected to the VRerp 
and Vrern Pins must be as close as possible to 
them. 

- the ground for loudspeaker circuit must be sepa- 
rated from all the other analog modem circuit. In 


Figure 64 
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fact due to the audio current during the hand- 
shake the receive signal could be affected. 


- use wide traces for all the power signals. 


The analog ground could be a part of the ground 
layer, but the connection between the two refer- 
ences must be done only at one point. When pos- 
sible the analog ground will be connected directly 
to the reference of the power equipment without 
going through the digital ground layer as shown on 
the Figure 64. 


Line 
Transfo 


Rings 


Connection to 
Power Reference 
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X - ST75C52/520 VARIABLES DESCRIPTION 


Introduction 


This chapter describes the most interesting vari- 
ables that can be read or modified by the user. In 
order to read a variable a MR command (or CR for 
complex read) must be issued, and the answer is 
available in the Dual Ram, in the COMREP and 
COMREP+1 locations. In order to overwrite a vari- 
able a MWcommand must be issued. 


The address, characteristic (R = read, W = write, 
R/W = read or write), and function of key data pump 
variables is listed below by basic modem functional 
block. All numbers starting with a $ are Hexadeci- 
mal numbers, % are binary numbers. 


Some of the variables and the explanations were 
some times introduced in above chapters. 


Timing Recovery 
FRQOFFT (R) Receive clock frequency offset. 


PSITHRSH (R) 0.7 Deg timing phase adjustement 
threshold for timing signal dpll. The local-to-remote 
modem timing offset for all modes except V.21 
channel 2 can be calculated using the following 
formula : 


FRQOFFT 0.7 
TOliset = SSiTHRASH 360 
FRQ (R) V.21 ch. 2 receive clock frequency offset. 
V.21 channel 2 has a wider range of timing offset 
tracking permitting +0.3% and it can be calculated 
using the following formula : 


FRQ 1.4 


32767 360 


PLLcount (R/W) a counter which is decremented 
every baud in the timing recovery routine and, when 
> 0 selects wide bandwidth timing recovery DPLL. 
When = 0 selects narrow bandwidth timing recov- 
ery DPLL. For short train applications, it is useful to 
write PLLcount = 4800 (around 2s) after sending 
the SYNC 1 command to have a good success rate 
for many successive short train sequences, espe- 
cially when there is-a large timing offset. 


TOffset = 


Carrier Recovery 

FRQOFF (R) Receive carrier frequency offset : 
Offset = FRQOFF x 0.0366 

in Hz. Typically, FRQOFF = $1B(27) for 1Hz. 
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Equalizer, AGC 

_RX_STA(R/W) Equalizer and AGC can be frozen 

independently or simultaneously. 

- Bit O : Freeze Equalizer (the Equalizer is frosen if 
this bit is 1). 

- Bit 2 : Freeze AGC (the AGC is frosen if this bit 
is 1). 

_RX_STA must be modified in data mode and the 

other bits must be unchanged. Read the value and 

change only the corresponding bits inthe _RX_STA 

word. 


_AGCSCA (R) Automatic gain control level for re- 
ceive signal varies from $80 (OdBm) to $7FFF 
(-48dBm) according to the following table : 


Table 36 


ee 
[S010 


The level calculated above must be corrected by 0 
or -12cB to indicate the real receive analog level on 
the line. (See _GAINSTA below). The exact formula 
is: 

RxLevel = (-20 x log(value)) + 46 - 6 x (_GAINSTA) 


_GAINSTA (R) This variable tells whether the 12dB 
analog gain between input RXA and the analog to 
digital converter output has been activated. This 
gain enables a receive dynamic range between 0 
and -50dBm. In the case that it has been activated, 
it has the value 2, otherwise 0. 

_GAINCTL (R/W) This variable contains the follow- 
ing information : 

- bit 0: FRZGAIN, 

- bit 1: FORCEO, ne 
- bit 2: FORCE12, 

- all other bits are 0. 

The user has the possibility of forcing 12dB, OB, 
or freezing the analog input gain. If desired, this 
word is programmed before sending the CONF 
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command and is effective after its execution. The 
variable _GAINCTL is initialized to O after a hard- 
ware reset or issuing of the init command, and if not 
programmed by the user, will allow the analog gain 
to be automatically enabled or disabled via the DSP 
software according to the actual input level. A built- 
in hysteresis avoids glitches on the receive digital 
samples. The input gain is switched to OdB if the 
input analog instantaneous level exceeds -12dBm 
and to 12dB if the instantanenous level never ex- 
ceeds -30dBm for 8ms.The FRZGAIN bit in 
_GAINCTL will be automatically set following the 
detection of phase reversals in the synchronization 
sequence for V.17, V.29, V.27 reception modes. 
This insures reliable demodulation for the receiver 
and, during a particular connection, the receive 
attenuation will not appreciably change. 


RDQUA (R) Equalizer error energy gives an idea of 
signal to noise ratio seen by the receiver. The 
square of the equalizer error is updated once per 
baud (2400Hz for V.17, V.33, V.29, 1600HZz for V.27 
4800bps, 1200Hz for V.27 2400bps) with a low 
pass 1st order IIR digital filter with a pole radius of 
0.96875. This implies a time constant of around 
80ms. 


RDQUA has the following typical values : 
Table 37 


_RDQUA (R) A 16-bit number ranging between 0 
and 127 indicating the receive quality (also avail- 
able in 8-bit status word byte 2, STAQUA in dual 
port ram). The following formula is implemented in 
DSP software : 


_RDQUA = 127 - SCAQUA x RDQUA 


and is limited between O and 127. A value of 127 
indicates a very good receive signal quality while 0 
indicates a very poor signal quality. The coefficient 
SCAQUA is mode dependent and was chosen to 
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give a value for _RDQUA of 63 when the receive 
SNR is such that the expected bit error rate is 10°, 
that is, 1 error for every 100000 bits received. 
Refer to the following charts for expected values of 
_RDQUA, BER on flat telephone line. 


Figure 65 


SCAQUA (R/W) The coefficient for calculating 
_RDQUA above is automatically programmed ac- 
cording to the mode specified in the conf command 
and it is possible to overwrite its value at the end of 
the synchronization sequence if the user desires a 
different value for the quality indication. Generally, 
reducing the value read by 1/2 will imply that an 
_RDQUA value of 31 will correspond with a 10-5 
BER and doubling the value will imply that an 
_RDQUA value of 127 will correspond with a 10-5 
BER in the above tables. 


_SUCTH (R/W) A threshold value for RDQUA for 
determining the programming of pnsucs bit in 
_SHSK word described below. The default value is 
programmed to 64 at the execution of a conf com- 
mand can be modified thereafter (espacially for 
short train applications). 


_RDCPT (R) Output of Demodulator. Complex 
number, can be use to display the received eye 
pattern on a console or print-out. The user must 
perform a CR (complex read) command to insure 
reading of the real and imaginary parts of the signal 
during the same baud. 


EQFRKOE (R/W) 32 Complex even equalizer coef- 
ficients. : 
EQFRK1E (R/W) 32 Complex odd equalizer coef- 
ficients. 
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Handshake, Synchronization 


_SHSK (R) Contains information about the progress of the handshake or synchronization in all fax modes. 
This variable is also avalilable in optional status word 2 STAOPT2 in the dual port ram. The handshake bit 
positions are programmed on the 8 Isb of _SHSK and are defined below : 


While Transmiting : 


Pis = %00000001 generate echo protection tone 
P2s = %00000010 generate phase reversals 

PNs = %00000100 generate training sequence 

PRs = %00001000 generate rate sequence 

SCRis = %00010000 generate scrambled one’s 

While Receiving : 

P2s = %00000010 detect phase reversals 

PNDETs = %00100000 detect training sequence (latched) 
PNs = %00000100 detect training sequence 


PRDETs = %01000000 detect rate sequence (latched) 
PNSUCs = %10000000 detect scrambled one’s (latched) 


SCR1Is = %00010000 detect scrambled one’s note that PRs and PRDET are only valid in V.17 and V.33 
Modes. 


_TSPEED (R) Target speed initialized by CONF command. 
%0000000000000011 = 2400bps 
%0000000000000100 = 4800bps 
%0000000000000101 7200bps 

%0000000000000110 = 9600bps 

%0000000000000111 = 1200bps 
%0000000000001000 = 14400bps 


_SPEED (R) Negotiated speed after synchronization May differ from __TSPEED for V.33 mode and has the 
same format as __TSPEED. 


Carrier Detect 


DETHF (R/W) Fast detection threshold 
DETH (R/W) Slow detection threshold 
LOSSTH (R/W) Slow loss threshold 
LOSSTHF  (R/W) Fast loss threshold 


The carrier detect is displayed on status byte 0, bit O as well as on the CD Pin of the ST75C52/520 V.24 
interface and Is active at the end of the synchronization sequence for V.17, V.29, V.27, V.21 ch2 provided 
the detection threshold has been reached. For fsk modes, it is active provided the threshold has been 
reached. The carrier detect algorithms, 2 signal level integrators a fast integrator for quick detection with a 
limited precision and a slow integrator for enhanced precision. There are four thresholds programmed with 
default values for each of the modes V.33, V.17, FSK, V.29 and V.27 which can be modified by the user 
after the conf command. Typical values for V.17 are shown below as an example and doubling the value 
read will increase the threshold by approximately 6dB : 


(-40dBm) $167 DETHF (fast detection threshold) 
(-44dBm) $140 DETH (slow detectiion threshold) 


(-47dBm) $D0 LOSSTH (slow loss threshold) 
(-51dBm) $A0 LOSSTHF (fast loss threshold) 


note that it is mandatory to have : 
DETHF > DETH > LOSSTH > LOSSTHF 
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AVGLVL1 (R) Carrier detect level. This level is the 
ouput of the slow level integrator with a 200ms time 
constant and is automatically corrected for the pos- 
sible 12dB analog gain explained above. The for- 
mula for the rx lvl on the line for a V.17 receive 
signal, for example, is a function of x, the value of 
the variable at address AVGLVL1 : 


RXLEVEL = 20 x log(x) - 93 in dBm. 


_FASTLVL (R) Fast carrier detect level. This level 
is the output of the fast level integrator calculated 
with a 10ms time constant and obeying the same 
formula as above with, of course, more ripple fora 
given level due to the smaller time constant. 


_LVLSAV (R/W) Storage of value of (_FASTLVL/2) 
described above and memorized during the detec- 
tion of P2 portion of sync sequence by the receiver. 
This is the threshold for the fast carrier detect 
comparator. Memorizing the level on a valid signal 
avoids false detection or non-detection due to noise 
thus providing a very accurate indication of pres- 
ence of a carrier. It updates bit 7 of status byte 0 in 
the dual port ram. Its value can eventually be 
changed by the user by first reading and then 
writing into this memory location after p2s bit is 
activated in the optional status word 2. 


V21FDET (R) Detection of presence of V.21 flag 
also available in status word 1 bit 6 (STA_FLAG). 
The detector signals presence of 2 or more con- 
secutive sequences of $7E (%01111110) modu- 
lated according to the V.21 ch. 2 FSK specification 
(1 = 1850Hz, 0 = 1650Hz) at 300bps. The detector 
signals the loss of V.21 flag at the end of the first 
following erroneous bit and is automatically re- 
armed. The detector is always active during tone, 
dtmf, audio or V.21 channel 2 conf modes. It is 
active in V.17, V.33, V.29, V.27 Conf modes after 
the SYNC 1 command is issued and before the data 
mode (carrier detect active). 


Tone Detector Programming 
LEVOUT (R/W) 16 Programmable static levels. 
BIQCOEF (R/W) 16*2*6 Biquad coeficients. 


Coefficieni order for each of 16 4th order cells : 
CO, C1, C2, C3, C4, C5, C6, C7, C8, C9, CA, CB 


Where each 4th order cell has the following transfer 
function : 
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When programming the coefficients, care must be 
taken to avoid overflow of internal nodes. Effec- 
tively, the structure of each 2nd order section is 
such that the recursive portion is executed before 


the non-recursive. Therefore, CO and C6 must be 
chosen to insure that the maximum of : 


, 
TSO Cre S24 Ci. 7- 
anaes arr ee 
taOeGreg =o. Canz 

never exceeds 1 ($7fff) or -1 ($8000) 
POWCOEF (R/W) 16 Power coeficients p1, Power 
estimator using absolute value of the input signal : 


1 
Ours. z 


IN 4=(1-P1)-27 
BPWIRE (R/W) 16 Biquad and pwr estimator input 
wiring addresses 
FORMAT = [4TH ORDER BIQ(MSB), PWR(LSB)] 
CPWIRE (R/W) 16 Comparator input wiring ad- 
dresses 
FORMAT = [COMPARATOR+(MSB), COMPARA- 
TOR-(LSB)] 
The wiring addresses furnished in bpwire, cpwire 
are from the following possible sources : 


6 


Co or 


C6 


GND $00 
Rx signal $01 
Rx signal*2 $02 
Rx signal*4 $03 
4th order biquad output $10 to $1F 


$20 to $2F 
$30 to $3F 


Notes: 1. Avalue of $276 on RX signal corresponds to a real signal 
level on the line of -25dBm. For example, suppose one 
wants to detect a certain RXLVL on the line via RX 
SIGNAL assuming a gain of 1.0 in the biquadratic filter. 
The value of Levout, the comparison threshold, can be 
calculated : Levout = 10[(RXVL+81)/20] 


2. TheOor 12dB analog gain is automatically compensated 
for at the power outputs and need not be accounted for 
in the above formula. Some modifications to the 
calculated value may be needed for low detection levels 
near -50dBm, or the RX SIGNAL*2 input may be used. 


Power output 
Static levels 
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_NTDCELL (R/W) Number of tone detector cells 
active (0-15). The default values for_NTDCELLare 
according with the following Phases : see Figure 66 
and Table 38. 


The user can modify _NTDCELL on-the-fly but 
must be careful to avoid real time kernel errors 
(ERR_RTK) in the SYSERR status byte. The exe- 
cution time of each cell is roughly 200 machine 
cycles. For example, if the HDLC is not used, 400 
additional machine cycles could be available for 
additional cells. 


_TONEDET (R) Outputs of tone detectors. The low 
byte of _TONEDET contains the outputs of tone 
‘detectors cells 0 to 7. The low byte of 
_TONEDET+1 contains outputs of cells 8 to 15. 
When the corresponding bit is "1" the signal at the 
positive input of the comparator is higher that at the 
negative input. Only _NTDCELL bits are valid at 
any one time and the others are 0. 


_RING (R) Output of the RING Detector.This word 
is identiqual to the STAOP2 byte when in Tone 


Figure 66 
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mode (neither DTMF receiver neither Modem 
mode). The content of that word is the duration of 
the RING Period. 


The formula to compute the RING Frequency - 
in Hz) is: 

i 

RING - 2400 

This value is updated at each falling edge of the 
RING Signal. Refer to the following diagram for the 


phase relation between the STA_LRING and the 
RING Signal (see Figure 67). 


RING_Frequency = 


General Purpose 


_TXGAIN (R/W) Transmit gain. Any signal to trans- 
mit is multyplied by this number. This is the value 
modified by SETGN command. 


_FSKSYNC (R/W) SFFFF, for V.21 ch2 and 0 for all 
other modes. The user must use the memory write 
command to write 0 to this variable when passing 
from V.21 ch2 to FAX modes just before sending 
the corresponding CONF command. 


Table 38 


FSK Full ae 


V.21 Ch 2 Rx 


Notes: 1. The DTMF Receiver uses 12 of the 16 cells. 
2. The V.21 Flag detector is active. 


Figure 67 
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Tone Generator 

_TGNFLG (R/W) Tone generator flag. Each of the four low bits of this variable define if the corresponding 
tone generator is enabled. This is the value modified by a T@EN and TONE command. 

_TGNBLK (R/W) For each of the four tone generators (i) contains : 

_TGNBLK+(8"i) : Frequency of tone (freq*32767/4800). 

_TGNBLK+1+(3*i) : Instantanous phase (0 to 65535). 

_TGNBLK+2+(3*i) : Amplitude ($7FFF refers to maximum signal). 


Address Equivalences for Version 1.0 and 1.1 (DSP software version) 


Timing Recovery Carrier Detect 
FRQOFFT $15D9 DETHF $16C2 
PSITHRSH $15E3 DETH $1601 
FRQ $1777 LOSSTH $16C4 
PLLCOUNT $15DF LOSSTHF $16C3 
AVGLVL1 $16BF 
Carrier Recovery _FASTLVL $172B 
FRQOFF $15F1 _LVLSAV $16DF 
V21FDET $17B8 
ede noe Tone Detector Programming 
-AX_STA ele LEVOUT $122A 
SAGOSSD pace BIQCOEF $12BA 
_GAINSTA $17D3 POWCOEF $137A 
_GAINCTL $17D2 BPWIRE $129A 
RDQUA $11DD CPWIRE $12AA 
_RDQUA $1054 _NTDCELL $1006 
SCAQUA $11DC _TONEDET $1007 
_SUCTH $17DD _RING $1554 
eae : ae General Purpose 
EQFRK1E $1478 aera ls e100) 
_FSKSYNC $16E8 
Handshake, Synchronisation Tone Generator 
_SHSK _ $10F 1 _TGNFLG $1002 
_TSPEED $10E5 _TGOPHC $1003 
_SPEED $1012 _TGNBLK $11EC 
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XI - PERFORMANCES 


The curves hereafter define performances under 
various line conditions. All tests were run half du- 
plex with a ST75C52/520 REV 1.0 as reference 
modem. The tests are run under the following con- 
ditions. 


US LINES (type of channel) : 

- Flat line ; US lines 3002, C1,C2 
- Rx level : -25dBm 

- Tx level : - 9dBm 

- No AGC 
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EUROPEAN LINES (type of channel) : 
- 1040, 1020 and 1025 

- Rx level : -25dBm 

- Tx level : - 9dBm 

- NoAGC 


JAPANESE LINES (type of channel) : 

- JPN1, JPN2, JPN3, JPN4, JPN5, JPN6, JPN7 
- Rx level : -25dBm 

- Tx level : - 9dBm 

- AGC V56 (rms) 


Figures 68 to 71 show performances of fax modes 
on all lines above in V.17 14400 and in V.29 9600. 


Figure 68 : V.17 14400bps BER versus SNR on European and US Lines 
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Figure 69 : V.17 14400bps BER versus SNR on Japanese Lines 
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Figure 71 : V29 9600bps BER Results versus SNR on Japanese Lines 
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V.17 FAX EQUIPMENT 
REPLACING THE R144EFX WITH THE ST75C52/520 


By Laurent CLARAMOND and Joé! HULOUX 
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V.17 FAX EQUIPMENT REPLACING THE R144EFX 


| - PRELIMINARY 


The ST75C52/520 are a monolithic complete V.17 
fax modem which is a superset of the R144EFX. 


All functions found in the R144EFX can be found in 
the ST75C52/520, plus a few additional ones (class 
detection, 16 tone detectors, analog DAC for 
eyediagram, etc) as you will see in the chapter III 
table. 

Although similar, the ST75C52/520 are not a plug- 
in replacement for R144EFX. You will need a few 
software and hardware adjustments, and with our 
help, it will cost you less than two man-months to 
do it. 

Asmall effort, compared to your benefits. If you are 
thinking about integrating the ST75C52/520 with 
your prefered MCU and ASIC, call us immediately. 


ll - INTRODUCTION 

Il.1 - Overall 

This application note describes the way to replace 
the ROCKWELL R144EFX by the SGS-THOMSON 
ST75C52/520 in a V.17 FAX equipment system. 


This application note uses information detailed in 
the ST75C52/520 Data Sheet and User’s Manual. 


First, you will find comparison on the features of the 
ST75C52/520 and the R144EFX. 


Second, will be listed the features required to im- 
plement FAX communications. 


Third, will be presented to the user the different 
chapters in the ST75C52/520 and User’s manual 
where information was detailed. 


At the end of this application note is presented a 
software and hardware user’s guide. 


11.2 - A Few Modidifications in the Software 


The user’s fax software can be divided in two parts. 
The first part which is the main and the biggest is 
completly independent of the modem chip and is in 
charge of the following task : ” 
- User interface (keyboard, screen, printer). 


- ECM, T30, T4. 
- Real time kernel. 
- Control. 


Layers 2 and 3 are in this part of the software. 


This software can be reused in the final appli- 
cation without any modification and any pertur- 
bation when running in V.17 fax equipment 
including a ST75C52/520 modem chip. 


The second part (which is the smallest) is depend- 
ent of the modem chip and includes the driver 
routines needed to provide a complete list of serv- 
ices to the layer 2 and 3. We mainly find the 
following drivers : 

- Interrupts driver. 

- Modem configuration. 

- Data transfer (emission/reception). 

- Tone detection/generation. 


All the modifications will be easily done since : 

- the ST75C52/520’s software interface is based 
on COMMAND SET using friendly mnemon- 
ics, 

- interrupts use dedicated registers clearly 
identified, 

- data transfer will use FIFO principle to save 
CPU time. 


l1.3 - Hardware Evolutions 


Performances and low cost are the two key pa- 
rameters that have been followed by SGS- 
THOMSON. 


The user can to remove the negative power 
supply (-5V) since the ST75C52/520 needs only 
one power supply of +5V. The differential ana- 
log output and input will increase perform- 
ances at low level even on a two-layer printed 
circuit board. EMI problems can be reduced 
using a crystal of 29.4912MHz instead 
38.00053MHz. 


“a sGs-THomson 
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V.17 FAX EQUIPMENT REPLACING THE R144EFX 


Ill - COMPARISON BETWEEN R144EFX AND ST75C52/520 


Package 
Supply Current at 25°C 
Supply Current at 0°C 105mA and 16mA (605mW) 130mA (650mW) 

Operating Range 
Storage Temperature -45° to 125°C 

Frequency 38.000530MHz 29.4912MHz 

MCU Bus 
interface with DSP 


Interrupts 2 interrupts, one can be activated with One interrupt. Six sources with possible 
a selectif mask from one of the 32 registers | individual mask 


Serial Interface 
TX Buffer 1 byte 2 x 8 bytes 
RX Buffer 1 byte 2 x 8 bytes 


FAX Group 3 V.33 (14.4, 12kbps, 17000 and 1800Hz) V.33 (14.4, 12kbps, 17000 and 1800Hz) 
idem V.17 idem V.17 

V.17 (14.4, 12, 9.6, 7.2kbps, 1700 and V.17 (14.4, 12, 9.6, 7.2kbps, 1700 and 
1800Hz) with short train 1800Hz) with short train 

V.29 (9.6, 7.2, 4.8kbps), no short train V.29 (9.6, 7.2, 4.8kbps), with short train 
V.27ter (4.8, 2.4kbps) with short train V.27ter (4.8, 2.4kbps) withshort train 


Shon Tain 
HDLC 
TX Level 
Dynamic Range 
Turn On 
Reception Timing 


Tone Generator 2 from 0 to 4800Hz (step 0.15Hz), 4 from 0 to 3600Hz (step 1Hz) 
attenuation if f > 300Hz 


DTMF Generation Uses the 2 generators Uses 2 of the 4 generators 


Tone Detector FR1, FR2 and FR3 from 400 to 3000Hz 2 to 16 detectors programmable from 0 to 
(FR1 and FR2 not available in high speed 3600HZ : 2 if training FAX high speed 

reception) reception, else 8, 4 1f DTMF detection, 16 
if tone reception or audio transmission and 
reception 


Gives the DTMF digit. Threshold -35dBm. 
Ton > 40ms, Twist (+8dB) 


Flag Detection Available in high speed reception except in | Available in high speed reception, and tone 
V.27 ter short train and tone detection detection mode 


DTMF Detection Gives the DTMF digit. Twist (-8 to +4dB) 


Voice Mode 
sion and Reception) 
NO 


Class Detection NO YES 


(57 SGS-THOMSON eee eee 
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lV - FEATURES REQUIRED FOR FAX 
COMMUNICATIONS 


In phase A (T.30 protocol) the modem chip must 
provide all features to establish or to answer a call. 
The user will use Tone Detectors for network tones 
detection (dialtone, busy tone, ring back tone), for 
answer tone detection (CED 2100Hz tone) and for 
flag detection. 


In the calling unit, tone generators will be used to 
send DTMF digit, and the calling tone (CNG tone 
at 1100HZz). 


When on-hook, the modem chip can help the host 
make incoming call detection. 


In phase B, D and E (T.30 protocol) the modem chip 
must be able to send or receive : 

- In V.21 che, 

- HDLC frame over V.21 ch2 modulation, 

- TCF frame in high speed mode (only in phase B). 


In phase C the chip must be able to send or receive 
in high speed mode (V.27ter, V.29, V.17), and to 
detect V.21 flag (HDLC fanion) while in high speed 
mode reception. 


The user must be able to adjust level in transmis- 
sion (carrier, tone). 


Complete HDLC (transmit and receive) function 
must also be available in high speed mode to allow 
ECM (Error Correcting Mode). 


Some others features such as DTMF detection, 
voice mode may be required in the final application. 


To use all the above features the user will initialize 
registers in the DSP and must read status. So, the 
chip must provide a friendly interface to a host 
microprocessor. 


All the above features included in the R144EFX can 
be easily used with the ST75C52/520. 


V - DATA SHEET AND USER’S MANUAL 
GUIDE LINE 


Firstly the user has to read carefully the 
ST75C52/520 Data Sheet and User’s Manual. 


Secondly the user can use the following list which 
identifies the main chapters in the ST75C52/520 
documentation. These chapters detail the features 
introduced in the previous chapter. 
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Digital Interface : 

- Data Sheet Chapter Ill 

- User's Manual Chapter II.2 
User Interface : 

- Data Sheet Chapter V 


Analog Interface : 
- Data Sheet Chapter XII 
- User's Manual Chapter VIII 


Tone Generator : 

- Data Sheet Chapter IV.2.4 

- Data Sheet Chapter VI : 

e DEFT, Tone, T@EN commands 


Tone Detector : 

- Data Sheet Chapter VIII 

- User’s Manual Chapter V 
Interruptions : 

- Data Sheet Chapter V.1.2 
Configuration for G3 FAX : 
- Data Sheet Chapter VI : 

© HSHK, SYNC, CONF, MODC commands 
- Data Sheet Chapter VII 

- User’s Manual Chapter VII 
HDLC Function : 

- Data Sheet Chapter VI 

e FORM, SERIAL commands 
- Data Sheet Chapter IX 

- User’s Manual Chapter IV~ 
Control in Transmit Mode : 
- User's Manual Chapter VI 
Control in Receive Mode : 
- User’s Manual Chapter VII 
PCB Guide Line: 

- User's Manual Chapter IX 


VI - SOFTWARE GUIDE LINE 


As the main differences between the R144EFX and 
the ST75C52/520 are found in the software man- 
agement, we suggest to the user the following 
steps to understand the ST75C52/520 software 
interface : 


1.Study the User interface, the Command set, the 
Command Acknowledge. 


2.Study the interruptions features. 


3.Study the Parallel exchange in synchronous and 
in HDLC mode. 


4.Study the status report. 
5.Study the flow scharts for G3 FAX configuration. 
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VI.1 - User Interface 


The host processor will be connected to the 
ST75C52/520 using a dual port ram with dedicated 
memory addresses for: 

- Command and Parameters, 

- Command Acknowledge, 

- Data Tx buffer (transmission), 

- Data Rx buffer (reception), 

- Status information, 

- Interrupt registers. 


The address space within the host RAM mapping 
is a 128 byte block requiring 7 address lines instead 
5 for the RFX144EFX. 

The host processor will use commands (with or 
without parameters) to initialized the modem chip 
and to start/stop a specific task such as : send a 
tone, acarrier or detect atone, aDTMF, acarrier, ... 
Hereafter is described the syntax for each com- 
mand: 


Opcode : Hexadecimal Value 


Parameters : 
| Field | Byte | Pos | Value | Definition | 


Name X XX* Explanation of 
the parameter 


Field : Name of the addressed bit field. 
Byte : Index of the parameter byte (1 to 4). 
Pos _ : Bit field position inside the parameter byte. 


Value : Possible values for the bit (resp. bit field). 
A value followed by a star means a default 
value. 


Each command will be acknowledge by the DSP. 


Figure 1 


MCU 


Parameters 


Command 


Must Wait Acknowledge 
Before Sending 
a New Command 


KYf, BES: 


<——_______» 


Write Parameters 
(Optional) 


Write Command ; 


———————————————— 


The host processor must not send anew command 
without waiting for the acknowledge of the previous 
command. 


Figure 1 is Summarized the command acknow- 
ledge. 


VI.2 - Interruptions 


Six sources of interruptions can be used by the 
software handler routine : 


Error : ITO, if errors have occured 

Tx Buffer : IT2, the ST75C52/520 frees 
one of the 2 Tx buffers 

Rx Buffer : IT3, the ST75C52/520 has 
filled one of the 2 Rx buffers 

Status byte : IT4 to signify that the modem 


status has changed 
: IT5 when the ST75C52/520 
has been awakened 
Command : IT6, the ST75C52/520 is ready 
acknowledge for anew command 


One 8 bit source register ITSRCR located at ad- 
dress $50 in the dual port ram memory identifies 
the source : 


Low power mode 


DO = 1 ITO pending 
D1 Not used 

D2=1 IT2 pending 
D3 = 1 IT3 pending 
D4 =1 IT4 pending 
D5 = 1 IT5 pending 
D6 = 1 IT6 pending 


DUAL PORT RAM 
COMPAR(0..3] 


COMSYS 


COMREP(O..1] 
(Optional) 


COMACK 


(Optional) 


Raises Interrupt 
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The interrupt source will be reset and acknowledge 
by writing a $00 at one of the memory location $40 
to $46 (Reset Interrupt registers ITREST[O..6]) in 
the dual port ram memory. 

ITREST[O] at address $40 is dedicated to ITO. 


ITREST[2] at address $42 is dedicated to IT2. 


ITREST[6] at address $46 is dedicated to IT6. 
Figure 2 is an example for IT2. 

All sources of interrupt can be masked individually 
or globaly with the interrupt mask register ITMASK 
located at the address $4F in the dual port ram 
memory. 


ITMASK register definition : 


D7=0 All interrupts are masked 
(global mask) 

D6=D7=1 1IT6 enable 

Figure 2 


MCU 
Interrupt 


Read 
ITSRCR 


Execute 
Tx Interrupt 
Routine 


Acknowledge IT2, 


Writing 00 into ITRST[2]_ 


Figure 3 


———$—$ $$$ 


—— 


D5=D7=1 IT5 enable 
D4=D7=1 1!T4 enable 
D3=D7=1 ITS enable 
D2=D7=1 I/T2 enable 
D1 Not used must be equal to 0 
DO=D7=1 ITO enable 


Even if an interrupt is masked, the DSP will always 
set the corresponding bit in the source register 
(ITSRCR) to allow polling by the host processor. 


Figure 3 illustrates for IT2 and IT3 the interruption 

principle, the user could easily transpose this prin- 

ciple to the other interrupts : 

- 1T2 and ITS are set by the DSP, 

- IT2 andIT3 are cleared and acknowledged by the 
host processor, 

- ITSRCR is only read by the host processor, 

- ITMASK is read or write by the host processor. 


DUAL PORT RAM (DSP) 
Raises IT2 


Gives Source Register Value 


Clear IT2 


AN814-02 EPS 


ITRES2 
(Write Only) 


(Tx Buffer Emptied) 


From 
ST75C52 
Buffer 


(Rx Buffer Filled) 


ITRES3 
(Write Only) 


ITSRCR 
(Read Only) 


ITMASK 
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VI.3 - Parallel Exchange in Synchronous and 
in HDLC Mode 


Data Tx Buffer: 


The R144EFX uses only one TX buffer of one byte 
in parallel transmission. This architecture is very 
simple since the DSP has to write succesive bytes 
at the same address. The drawback is that the 
R144EFX will raise an interrupt every sent byte. 


To save MCU (host processor) time the principle is 
quite different with a ST75C52/520. 


Two Tx buffers will be used in parallel transfer, 
TX_BUFFER_0 called DTTBFO and TX_BUFF- 
ER_1 called DITTBF1. Each Tx buffer contains 8 
bytes. The host processor can write one to eight 
bytes in the same buffer. 

The Tx interrupt (IT2) will only be raised when the 
complet TX buffer will be empty (e.g for TX buffers 
filled with 8 bytes the IT2 will be activated every 8 
bytes). As this principle save MCU time between 
two interrupts, the host processor could be more 
efficiency used for other main tasks such as Error 
Correcting Mode (ECM), ... 

One status byte DTTBSO is dedicated to DTTBFO 
and another DTTBS1 is associated with DTTBF1. 
Parallel transmission must be initialized with SE- 
RIAL, FORM and XMIT commands. In parallel 
transmission the two buffers must be used, always 
starting with buffer 0. The host processor must 


Figure 4 : Data Tx Buffer Flow Chart 


MCU 
Step-1-MCU Fill DTTBFO 
Write DTTBSO 


Interrupt 
Step-2-MCU Fill DTTBF1 
Write DTTBS1 


Interrupt 
Goto Step-1-MCU 


= Le 
AYE SeBohecnenes 


send data alternatively into DTTBFO, DTTBF1, 
DTTBFO, DTTBF1, DTTBFO., ... 


The host processor writes data into a Tx buffer then 
writes the number of bytes into the dedicated 
status. The DSP reads the Tx buffer and clears the 
dedicated status, then raises IT2. 


Figure 4 is illustrated the exchange in transmit 
parallel mode (initialization with the FORM, SE- 
RIAL and XMIT was already done). 


Complet and detailed information is given in chap- 
ter IV of the ST75C52/520 User’s Manual. 


Data Rx Buffers: 


The R144EFX uses only one RX buffer of one byte 
in parallel reception. This architecture is very sim- 
ple since the DSP has to read succesive bytes at 
the same address. The drawback is that the 
R144EFX will raise an interrupt every received 
byte. 

To save MCU (host processor) time the principle is 
quite different with a ST75C52/520. 


Two RX buffers will be used in parallel transfer, 
RX_BUFFER_0O called DTRBFO and RX_BUFF- 
ER_1 called DTRBF1. Each Rx buffer contains 8 
bytes. The host processor will generaly read eight 
bytes in the same buffer except if the modem chip 
detects a loss of carrier. 


One status byte DTRBSO is dedicated to DTRBFO, 
and another DTRBS1 is dedicated to DTRBF1. 


DUAL PORT RAM (DSP) 


Step-1-DSP 

Reads DTTBSO 
Reads DTTBFO 
Clears DTTBSO 


Raises IT2 


Step-2-DSP 

Reads DTTBS1 
Reads DTTBF1 
Clears DTTBS1 


Raises IT2 
Goto Step-1-DSP 


7/13 


475 


AN814-04 EPS 


V.17 FAX EQUIPMENT REPLACING THE R144EFX 


The Rx interrupt (IT3) will only be raised when the 
complet RX buffer will be full (IT3 will be activated 
every 8 bytes). As this principle saves MCU time 
between two interrupts, the host processor could 
be more efficiency used for other main tasks such 
as ECM, ... 


Parallel reception must be initialized with SERIAL 
and FORM commands. 


In parallel reception the two buffers must always be 
used, Starting with buffer 0. The DSP will alterna- 
tively fill DTRBFO, DTRBF1, DTIRBFO, DTRBF1, ... 


The DSP will fill one Rx buffer, then fill the dedicated 
status register and then raises ITS. 


Each time an Rx buffer is filled the host processor 
must read it and then clear the dedicated status 
register. 


Figure 5 is illustrated the exchange in receive par- 
allel mode (initialization with the FORM, SERIAL 
already done). 


Complet and detailed information is given in chap- 
ter IV of the ST75C52/520 User’s manual. 


VI.4 - Status Report 


The host processor needs some status information 
writen by the ST75C52/520 to folllow tone detection 
result, synchronisation in high speed mode, DI MF 
detection, ... 


Figure 5 : Data Rx Buffer Flow Chart 


Interrupt 
Step-1-MCU Read 
DTRBSO 

DTRBFO 

Clear 

DTRBSO 


Interrupt 
Step-2-MCU Read 
DTRBS1 

DTRBF1 

Clear 

DTRBS1 

Goto Step-1-MCU 
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For that purpose the ST75C52/520 provides follow- 
ing status : 


ERROR STATUS (address $08) : 


Provides information about error, can generate an 
interrupt ITO. 


STATUS[0], STATUS[1] (addresses $09, $0A) : 


Contain all the Modem signals, can generate an 
interrupt IT4. 


STAQUA (address $0B) : 
Contains the quality of the received signal. 


STAOP[0], STAOP[1], STAOP[2] 

(addresses $0C, $0D, SOE) : 

Optional status that contain additional information 
regarding the ST75C52/520 operating mode. This 
default information can be changed to monitor any 
internal variables. 


VI.5 - G3 Fax Equipment 


All the information to set up the ST75C52/520 in 
phase A,B,C,D and E (T.30 protocol) are described 
in chapter Ill of the ST75C52/520 User’s Manual. 
The user will find the COMMAND, STATUS infor- 
mation required. A lot of flow charts detail the 
procedure to initialize low speed (V.21 ch2) and 
high speed (V.27ter, V.29 , V.17) transmission and 
reception. 


DUAL PORT RAW (DSP) 
Fill DTRBFO Step-1-DSP 
Fill DTRBSO 

Raise IT3 


Fill DTRBF1 Step-2-DSP 
Fill DTRBS1 

Raise IT3 

Goto Step-1-DSP 
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Vil - FLAG DETECTION 


This chapter describes the way to use the flag_de- 
tection provided by the ST75C52/520 status report 
which will be used by a Host micro-controller. 


Vil.1 - V.21 Chanel 2 Flag 7E Detection 


The ST75C52/520 provides in the STATUS1 (ad- 
dress $0A in the host interface) the STA_FLAG bit. 
STATUS1 is an 8 bit register that can be read (only) 
by the host. Bit position 7 corresponds to the MSB 
and bit position 0 corresponds of the LSB. 


In this register bit 6 (position 6) is called STA_FLAG 
(valid only in FAX modem and tone mode). 
STA_FLAG equal to 1 means that a V.21 ch2 flag 
is detected. 


Three flags are necessary to validate V.21 flag. So 
minimum timing for V.21 flag detection is : 


3.3ms x 8X 3 = 79.2ms. 


At this optimum timing you have to add the re- 
sponse time for the filters and the time for synchro- 
nisation of state machine at the beginning of the 
flag. The overall detection of V.21 ch2 flag is be- 
tween 92 and 98ms. 


The overall time for loss of V.21 ch2 flag is between 
17 and 25ms. 


VII.2 - Flag Detection in V.21 Channel 2 Mode 


If the ST75C52/520 is set to receive in V.21 channel 
2 mode, the V.21 flag detector is always available. 


The following flow chart shows how the host must 
used the ST75C52/520 to detect V.21 ch2 flag 
while receiving in low speed mode (See Figure 6). 


Figure 6 


V.21 Channel 2 CONF OF OD 00 00 


cy 


Carrier Detect ? 


Flag Detected ? 


Flag Detected 


VII.3 - Flag Detection in High Speed Mode 
Vil.3.1 - Flag Detection at the Beginning of C 
Phase or TCF Reception 


In such a case the S175C52/520 is setting up to 
receive in V.27, V.29 or V.17. When the host starts 
the synchronisation of the reception sending the 
SYNC 1 command to the ST75C52/520, the inter- 
nal DSP executes two tasks in which the V.21 ch2 
flag detection is activated : 

- looking for V.21 ch2 signal, 

- looking for training in high speed mode. 


The V.21 ch2 flag detection is not available when 
the ST75C52/520 is in data mode (the training is 
completed, the carrier detect signal and the 
STA_109 are true indicating a received high speed 
modulation). 


Figure 7 shows when the flag detection is available. 


Figure 7 : ST75C52/520 High Speed Received Sequence 


UTS. 


Pree ingllan dosed) ile 


ee 


Flag Detection Available 


CONF 
SYNC 1 


{ SGS-THO 
SF MICROELECTRONICS 


Flag Detection Disabled 


STA_109 
Carrier Detect 
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Figure 8 shows how the host can use the 
ST75C52/520 for flag detection when receiving 
TCF frame or at the beginning of C phase. 


VII.3.2 - Flag Detection in C Phase 


As said above the flag detection is not available 
while the ST75C52/520 is receiving data in high 
speed mode (V.17, V.29, V.27) since the DSP 
disables it as soon as the carrier detect status 
(STA_109) is true. 


Figure 8 


CONF (V.27, V.29, V.17) 


+ 


Yes 


* 


MODC 40 00 


It could be interesting for the host to have the 
STA_FLAG information available in C phase just 
after a loss of the high speed carrier because the 
next received signal could be a V.21 ch2 instead a 
high speed carrier without a training. 


Figure 9 summarizes the two cases. 


In the first case the transmit unit has cut the high 
speed transmission (which causes the loss of the 
carrier) and start to send HDLC frames in V.21 ch2. 


In the second case the loss of the carrier may be 
due to a problem on the PSTN network. 


Wait STA_109 
Yes then Receive Data 


5 in High Speed Mode 


SYNC 00 

CONF OF OD 00 00 
SYNC 1 

WAITING : 
STA_109 
STA_FLAG 


Figure 9 : ST75C52/520 Received Signal with Loos of Carrier 


Loss of Carrier 
(STA_109F = 0) 


y 


UF egtnas (3s SRRATO i SoHE ode. Pee Ou Dat Zorlag 


r r 


Start of 
Reception 


Reception 
STA_109 = 1 
STA_109F = 1 


Se ke PEL ER EY SES. MO ava’ 
Rigsbe UD r gle Shy gee! 
: 


New Received Signal 


os Ao S68:THoMmson 


; MICROELECTRONICS 
478 


AN814-08 EPS 


AN814-09 EPS 


V.17 FAX EQUIPMENT REPLACING THE R144EFX 


Figure 10 gives to the user the way to be able to 
detect V.21 ch2 flag just after a loss of high speed 
Carrier. 


To enable and disable the flag detection the host 
will performe a Memory Write (MW) command (see 
Table 1 for addresses and parameters). As the 
short train is only used in C phase while receiving 
in V.17 mode the host can avoid to send the Enb 
short sequence to the ST75C52/520 in V.29 and 
V.27. 


This flow chart (Figure 10) could be used in phase 
B but take care that the Enb short sequence must 
only be sent in C phase. 


Vill - EQUALIZER AT RECEPTION SIDE 


The DSP provides an equalizer function in the 
reception section. It computes the coefficients of 
this equalizer firstly during the training and sec- 
ondly during the first seconds of the data mode 
(carrier detect signal and STA_109 are true). 


Figure 10 
CONF (V.17, V.29, V.27) 


Enb Short 
SYNC 1 


In Fax application the coefficients are firstly com- 
puted when receiving the TCF frame (continuous 0 
during 1.5s) in phase B of the T.30 protocol. As the 
DSP rev 1.0 software takes more than 1.5s when 
in data mode to compute the coefficients of the 
equalizer the host must reduce these time sending 
to the DSP two memory write (MW) command. The 
two MW must be sent just after STA_109 equals 1 
indicating a high speed modulation signal : 


First MW MW E3 16 01 00 
Second MW MW ES 16 BO 04 


The DSP will take now 1.2s after the beginning of 
the data mode (STA_109 = 1) to compute the 
coefficients of the equalizer. 


For DSP rev 1.1 software the problem is solved and 
the two MW need not be sent by the host. 


SYNC 0 
CONF OF OD 00 00 


Enable Flag (1) 2x 


Table 1 


Enb Short MODC 40 00 


LYz pedal eats 


V.21 Ch2 


Disable Flag 


2 |S 


Enable Flag (2 


Ce ae | 3 
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IX - HOW ADJUST THE TRANSMIT LEVEL 


As explained in the ST75C52/520 User’s Manual in 
chapter VI.3 the user can adjust the level on the line 
using the SETGN command. Like that the user 
chooses an attenuation in the transmit section (no 
attenuation means a OdB value for the parameter 
of the SETGN command). 


There is no limitation for the attenuation values. 
You can use different attenuation values with a step 
less than 1dB between each value. The USER’S 
MANUAL gives as example the value for attenu- 
ation between OdB and -14dB with a step of 1dB. 


How to compute the value of the parameter 
for the SETGN command ? 


As the attenuation is provided by a gain in the 
transmit section you must know the value of the 
next gain which gives the wanted attenuation. OdB 
attenuation means a unit gain (Gt = 1). For OdB the 
value of the SETGN parameter is 7FFF (hexa deci- 
mal value) or 32768 (decimal value). Suppose you 


Figure 11 


U1B 


(5) 
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22kQ 
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In this example the MC33174 is powered between OVA and +5VA 
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would like a -10dB attenuation, in such a case your 
attenuation gain will have a value of Gt = 0.6065. 
The value of the SETGN parameter will be equal to 
32768 x 0.6065 (decimale value) or 287A (hexa- 
decimal value). 


Now the host has only to send SETNG 287A (com- 


mand and parameter) to the DSP to set up the 
attenuation gain at the wanted value. 


X - HARDWARE GUIDE LINE 


The ST75C52/520 can be connected to a host 
processor using INTEL or MOTOROLA bus. 

A synchronisation between the ST75C52/520 and 
the host is provided with SDTACK (for data ac- 
knowledge) and SINTR (for interrupts) signals 
which are both open drain. 

The analog interface is detailed in chapter VI, Vil, 
VII of the ST75C52/520 User's Manual. 

Here, we briefly cover the basic schematics and 
hybrid interface tuning (See Figure 11). 


MC33174 


VT 


TRANSFORMER 


OMSON 


IST] SES THOMSON 


AN814-11 EPS 


V.17 FAX EQUIPMENT REPLACING THE R144EFX 


Components : 
All resistors are 1% tolerance 
Operational Amplifier S@S-THOMSON : MC33174 


Tuning: 
Return Loss: 
RO 

R3 = 5 


Where RO is the value for the best return loss 
versus the reference inpedance ZO. And 
ZO = 600Q or Complex Impedance 
Duplexor : 

_ 20-V 

~ (ZO + RO) 

VT 20 

Coel= 7 = 505 Ro 


R 


To have the best rejection : R’ = —— 
Coef 

Example 1: 

ZO = 60022, RO = 6002 

Coef = 0.5 


R = 20kQ and R’ = 40kQ 


Example 2: 
ZO = 6000, RO = 440Q 


Coef = 0.577 


R = 23.08kQ and R’ = 40kQ 


Transmit Gain: 


Tx_Gain = 22kQ/13.2kQ 
Today tuned to have -9dBm on the line. 


To transmit at OdBm you must : 


- Replace the two 13.2kQ 1% by two 4.64kQ 1%. 
- Replace the two 220pF by 47pF. 
- Power supply of the Amplifier : +V and -V. 


Receive Gain: 


R1 
Rx_Gain = 1+ fe) 


2 


Typical values R1 = 15kQ, R2 = 82kQ 
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APPLICATION NOTE 


9175C52/ST75C520 - SINGLE ENDED AND 
SINGLE POWER SUPPLY HYBRID CIRCUIT 
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| - INTRODUCTION 


The ST75C52/520 uses basically a hybrid interface 
which allows to receive a V.17 signal between 
OdBm and -45dBm with very good performances 
(see test report of the ST75C52/520). Such hybrid 
interface is perfect for high end equipment. The 
drawback is that the user has to use 4 operationnal 
amplifiers rather than 3 usally. As some manufac- 
tuers need to reduce the cost of their design we are 
going to introduce in this application note a simpler 
hybrid circuit which will save cost but also provide 
high performances. 


Il- FEATURES 
ll.1 - Transmission 


The hybrid will use the differential output TXA7 and 
TXA2 of the ST75C52/520. 


AN823/0695 


Ce | 


Document page 


Peas RN wae eee aha ee eed 1 


— eo 
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The nominal output level for each tone and each 
carrier must be equal to OdBm when no attenuation 
is selected in the ST75C52/520 (default setting of 
the ST75C52/520). 


Il.2 - Reception 


The hybrid will only use the RXAT input of the 
$1T75C52/520 rather than RXA1 and RXA2 differ- 
ential inputs in the basic hybrid. 


The far end carrier (modem signal) can be received 
between -1dBm and -44dBm. 


11.3 - Power Supply 
Uses only one +12V power supply. 
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SINGLE ENDED AND SINGLE POWER SUPPLY HYBRID CIRCUIT 


Hl - ELECTRICAL SCHEMATIC 


The Figures 1 and 2 show the complet electronic 
used (ST75C52/520 connection and its hybrid in- 
terface). As the telephone line interface is particular 
for each country we did not provide it on the figure. 


The return loss is adjusted by the following compo- 
nents : R5, C7 and C8 (the values will change if the 
reference impedance change). In our example the 
reference impedance is a 6002 resistor. 


The 2 wires to 4 wires part (duplexer) is obtained 
by R6, R7, R8 and R9. The rejection of the un- 
wanted signal (transmit signal at the RXA7 Pin) is 
equal to 30dB which is enough for the full duplex 
modulations V.21, V.23 and BELL 103. 


The transmit gain is fixed by the ratio R4/R3 and is 
adjusted to have an output level at OdBm on 600Q 
when no attenuation is selected in the 
ST/75C52/520. A filter at 9.6KHz is installed on the 
TXA1 and the TXA2 output. 


The receive gain is fixed by the ratio R9/R8 and 
must be adjusted each time the customer changes 
is telephone line interface components (mainly the 
transformer could have an insertion loss between 
1 and 2dB). The received signal is connected to 
RXAT7 input and RXA2 input is tied to VCM. The 
signal at RXA7 must not be higher than 2.5V. 


The tuning of such a hybrid interface could be done 

as indicated below : 

- adjust your telephone line interface (DC cur- 
rent...), 

- adjust the return loss, 

- adjust the transmit gain, 

- adjust the receive gain, 

- adjust the duplexor. 


Note : an iteration between step 4 and 5 could be 
necessary. 


lil.1 - Return Loss 


Adjust R5, C7 and C8 to meet the technical require- 
ments in your country which imposes the reference 
impedance (600Q or complex impedance), and the 
different parameters as DC voltage and DC current 
on the line. 
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ill.2 - Transmit Gain 


We recommand the following procedure : 

- keep the SETGN default value (OxX7FFF) which 
selects no attenuation on the transmit signal, 

- adjust the ratio R4/R3 to have OdBm, 


- adjust the attenuation (parameter of the SETGN 
command) for each signal which will be sent by 
the ST75C52/520. We suggest to adjust the out- 
put level at -9dBm for the tones and the carriers. 
For the DIMF we suggest an output level equal 
to -4.4dBm. 


The method to compute the SETGN ’s parame- 

teris: 

- no attenuation — parameter equals to OxX7FFF 
(hexa decimal value), 

- convert this value in decimal — 32767, 

- multiply 32767 by the absolute decimal value of 
the wanted attenuation (usally you know it in dB, 
so you must convert dB to absolute value), 

- convert the result in hexadecimal, you have now 
the parameter of the SEGTN command. 


Example : 

Parameter for an attenuation equal to -10dB or a 
gain equal to 0.3162. 

SETGN’s parameter in decimal value = 

32767 x 0.3162 = 10361 

SETGN’s parameter in hexadecimal value = 
0x2879. 


There is no limitation when using SETGN com- 
mand, you can make a very fine tuning which is not 
necessarily equal to 1dB. 


IlI.3 - Receive Gain 
Adjust the ratio R9/R8 to detect carrier at -44dBm. 


i1l.4 - Duplexer 


Adjust the resistors R7 and R6 to remove unwanted 
carrier when in full duplex mode. 
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SINGLE ENDED AND SINGLE POWER SUPPLY HYBRID CIRCUIT 


IV - OUTPUT LEVELS 


With this hybrid interface the typical output levels for 
the different carriers when no attenuation is selected 
(default value for SETGN’s parameter) are : 


Vat answer 


In the same conditions the output levels for the 
tones are : 


Level Level 
Tones | (dBm on 6000) | Tones | (dBm on 6000) 


Two] 095 |oIMeA| -047 
omwrt| os |oTwre| oa? 
oTwre| 095 [otro | oar 
roms -o4 -orweo | 047 
oTwrs| 085 | DIME® | 03 
oTwrs| 095 | orwre| 005 | 
rowr6|-04 | a00nz | 0.15 
roTwe7 [08 | tesovz | 0.52 
roTwFe| 085 | eonstz | 0 
fomure| -o4 | s900% | 075 


To adjust the factory output level of your equipment 
use the SETGN command as explain on Chap- 
ter Ill. We simply recall the parameters for typical 
attenuation (see Table below). 


IST; Sareea 


(dB) | (Hex) | (dB) | (Hex) | (dB) | (Hex) 
0 | 7FFF | -5 | 47FA | -10 | 287A | 
| 1 | vara | -6 | 4026 | 14 | ai | 
| 2 | esac | -7 | 392c | -12 | 2026 | 
| 3 | sad | -8 | 3aF5 | -13_ | 1CA7 | 
| 4 | 5003 | -9 | aD6a | -14 | 198A | 


V - PCB GUIDE LINE 


For that application note we use a two layers board. 


Analog (AVpp) and digital (DVpp) power supplies 
are connected together. The capacitors used for 
the power supply (DVpp, AVpp) decoupling are 
installed as close as possible to the power pins. 
The capacitors used for the voltage refence (be- 
tween VrRerp/VCM and Vrern/VCM) are connected 
as close as possible to the pins. 

Both analog ground AGNDR and AGNDT must be 
connected with very low impedance to a single 
point. 

The 2.2nF connected beween RXA71 and RXA2 
Pins must be as close as possible to them. 
Provide a ground grid in all around and under 
components on both sides of the band and connect 
them to avoid small islands. 


VI - OUT OF BAND POWER 


This hybrid (Figure 2) needs a filter in the transmit 
side to avoid out of band power due to the sigma 
delta convertors. Two one pole filters are used. The 
first is built around the MC33174 operational ampli- 
fier (Pin 1, 2, 3) with the R3, R4, C4, R2, R1, C1 
components (Fc is equal to 9.6kHz). The second 
pole is introduced with C7 in parallel with the line 
transformer. 

In that case the out of band power (frequencies 
above 4kHz) is 60dB lower than the in band power. 
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SINGLE ENDED AND SINGLE POWER SUPPLY HYBRID CIRCUIT 


Figure 1 
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Note: All capacitor with a "*" must be implented close to the ST75C52/520 pin. 
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SINGLE ENDED AND SINGLE POWER SUPPLY HYBRID CIRCUIT 


Figure 2 : Differential Output and Single Ended Reception Uses only One Power Supply 
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Vil - PERFORMANCES AT 14400bps (V.17) 


We tested this hybrid doing Bit Error Rate Test - 
(BERT) on a TAS equipment. Mainly we did BERT 
versus different Signal to Noise Ratio (SNR) for 
various lines. 


Figure 3: 


The Figures 3 and 4 show the results on a Flat line 
(Li) while receiving between -1dBm and -43dBm. 
The ST75C52/520 begins to make error in recep- 
tion at a SNR equals to 23dB +1dB. These results 
are identical to thus obtained with the hybrid which 
uses the differential inputs RXA7 and RXAz2. 


The Figure 5 shows the result when receiving via 
European line, US lines and Japanese lines. Also 
in that case the performances are equal to thus that 
we obtained with the first hybrid which uses the 
differential inputs RXA7 and RXA2. 


BERT 


ky, SE8cNiomowes 


100nF 


MC33174 
(4) U1D 


Transformer 


TIP and RING must be connected to 
the telephone line interface which ts 
particular for each manufacturer. 


MC33174 


2 2uF 
(4) U1C 


Reception on Flat Line L1 at -1, -3, 
-6, -9, -20dBm 
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SINGLE ENDED AND SINGLE POWER SUPPLY HYBRID CIRCUIT 


Figure 4: Reception on Flat Line L1 at -30, Figure5: BERT on M1040, C1, JPN1 
-35, -38, -40, -43dBm 
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Vill - CONCLUSION i 
This new hybrid interface is simpler than the full save cost of the power equipment. 
differential (differential outputs and inputs) intro- = The performances still remain very good. 


Buced in me pala ener We suggest this hybrid interface in some applica- 
It will be easier forthe customer to adjustreturnloos _tion where level has to be transmitted at high level 


again complex impedance with this new hybrid. (greater than -9dBm) and where single power sup- 
Single power supply is some times necessary to ply schematic must be used. 
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PROGRAMMABLE V.23 MODEM WITH DTMF 


# PROGRAMMABLE MODES : 4-wire line. Its programming concept makes it the 
- Modem 75bps transmit, 1200bps receive ideal component to design low-cost intelligent mo- 
- Modem 1200bps transmit, 75bps receive dems, featuring auto dialing and auto answering. 
- DTMF dialing The TS7514 conforms to CCITT V.23 recommen- 
- Call status tone detection dation. The chip incorporates DTMF dialing, line 
- Auxiliary analog transmit input monitoring, tone and dialing detection. 
- Analog test loopback 


PROGRAMMABLE FUNCTIONS : 

- Transmission level 

- Hysteresis and detection level 

- Filters (reception and transmission) 

- Line monitoring and buzzer 

- DTMF frequencies 

=# FIXED COMPROMISE LINE EQUALIZER 
= AUTOMATIC BIAS ADJUSTMENT (Plastic Package) 
# INTEGRATED DUPLEXER 
| 


STANDARD LOW COST CRYSTAL 
(3.579MHz) 
= TAX TONE REJECTION 


= POWER-UP INITIALIZATION OF REGISTERS PLCC28 
= OPERATES FROM +5V (Plastic Package) 
» CMOS 


DESCRIPTION ORDER CODES 


The TS7514 is an FSK modem which can be pro- pemperature ange 
grammed for asynchronous half-duplex voice-band 1S75140P 
communications on a 2-wire line or full duplex on a TS7514CFN 0 to 70°C PLOC28 


7514-01 TBL 


PIN CONNECTIONS 
PLCC28 


MOD/DTMF [ ] 1 


7514-01 EPS/7514-02 EPS 
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TS7514 


PIN DESCRIPTION 


| PinNumber pescacton 
MOD/DMTF ‘ (e 1 MODEM or DMTF Operating Mode Selection. ae 
MOBO oo. write operations to control registers (if MOD/DMTF = 0 and 
MC/BC = 0). 


Digital Control Input. 
In MODEM mode, it sets transmission mode to main or back channel. It also 
permits selection of dialing or control registers programming. 


Request to Send. : 

When RTS = 0, the circuit sends an analog signal to the ATO output. The signal 
depends on the operating mode selected. 

When RTS = 1, the signal sent to ATO is, suppressed after its first zero crossing. 
When MOD/DMTF = 0 and MC/BC = 0, the RTS pin acts as a clock for serial 
data loading into the input register. 


Serial Register Write Select Input. When ENP = 0, the serial register input is 
connected to TxD. When ENP = 1, the register input is connected to PRD. 


DGND | 5 | 6 | Digital Ground = OV. All digital signals are referenced to this pin. 
| om™D {| 6 | 7 | Digital Input for Transmit or Control Data 
7 er Digital Input for Control Data. Selected through ENP 


XtallN 1 Crystal Oscillator Input. Can be tied to an external clock generator. 
F quartz = 3.579MHz. 
igi ( 


0 
Crystal Oscillator Output 
Data Carrier Detect Output 
Digital Receive Data Output 
Zero Crossing Rx Digital Output (ringing detection) 


13 16 Analog Output for the Receive Signal after Filtering or Analog Input for the 
Amplifier-limiter. 


Analog Receive Filter Output 


A2 Amplifier Output 


A2 Amplifier Inverting Input 


Ai Amplifier Inverting Input 


: 
; 
: 
i 
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Figure 1 : Simplified Block Diagram 
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FUNCTIONAL DESCRIPTION 


The TS7514 circuit is an FSK modem for half-du- 
plex, voice-band asynchronous transmissions on a 
2-wire line according to CCITT recommendation 
V.23 or full duplex on 4 wire-line. 


The circuit features DTMF dialing, call status tone 
detection and line monitoring in both dialing and 
automatic answer modes. A signalling frequency is 
available at the line monitoring output (buzzer). 


Ring detection is possible by using the signal de- 
tection function and bypassing the receive filter. 
The receive signal at ZCO output can be filtered in 
the associated microprocessor. 


The TRANSMIT channel (Tx) includes : 

- Two programmable frequency generators. 

- One switched capacitor filter (SCF) with low-pass 
or bandpass configuration and its associated 
propagation delay corrector. 

- One continuous time low-pass smoothing filter. 

- One attenuator, programmable from 0 to + 13dB 
by 1dB steps. 

- One programmable analog input. 


The RECEIVE channel (Rx) includes : 

- Two operational amplifiers for duplexer imple- 
mentation. 

- One continuous time low-pass anti-aliasing filter. 

- One programmable gain amplifier. 

- One linear compromise equalizer. 

- One switched capacitor band pass filter (can be 
set to either main or back channel). 

- One continuous time low pass smoothing filter. 

- One limiting amplifier. 

- One correlation demodulator. 

- One programmable level signal detector. 


Figure 2 : Internal Control! Register 


CLK 
8 BIT SHIHT REGISTER 
(INPUT REGISTER) 
: ECE ADDRESSES 


RPROG 
eK 


The LINE MONITORING channel includes : 

- One buzzer. 

- One 3-channel multiplexer to select beetwen : 
- Transmit channel monitoring. 
- Receive channel monitoring. 
- Buzzer. 

- One programmable attenuator 


Internal Control 


POWER-UP INITIALIZATION 

The TS7514 includes power-up initialization of con- 
trol registers. This system sets the ATO transmis- 
sion output to an infinite attenuation position, 
leaving time for the microprocessor to set up the 
RPROG input on power up. Control registers are 
also initialized when V+ is lower than 3V or V- 
greater than -3V. 


REGISTERS 

Write access to the DTMF data register and to other 
control registers is achieved in serial mode through 
TxD input or PRD input. Addressing of these 4 bit 
registers is indirect. They are accessed through an 
8 bit shift register addressed when MOD/DTMF = 0 
and MC/BC = 0. Data sent to the TxD input is 
strobed on the RTS signal trailing edge. 

Serial data is sent to the TxD input, with Least 
Significant Bit (LSB) first. The 4 Most Significant 
Bits (MSB) contain the control register address 
while the 4 LSB contain associated data. 

Data transfer from the input register to the control 
register (addressed by the MSB’s) is started by the 
operating mode (MODEM or DTMF) selection 
(MOD/DTMF = 1 or MC/BC = 1). 


MOD/DMTF \ / 


Pe scahapes aga a ie 
(BoA D4 A Oe Xba D4 X 05 X06) 07 ) 


| DATA | ADDRESS | 
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OPERATING MODES 


The_various operating modes are defined by 
MC/BC and MOD/DTMF inputs, and by the content 
of a control register RPROG. 

The TS7514 includes 8 control registers. Access to 
each control register is achieved through an auxil- 
liary 8-bit shift register (input register). The input of 
that shift register is connected eitherto TxD or PRD, 
depending upon the status of the ENP control pin 
(ie when ENP=0 and ENP = 1 respectively). In both 
cases, the RTS input receives the shift clock and 
sequentialy transfer is controlled by setting simul- 
taneously MOD/DTMF and MC/BC to 0. The pre- 


vious internal status and data are memorized dur- 
ing loading of the input register so that transmission 
continues properly. That feature allows the user to 
modify transmission level or line monitoring selec- 
tion during transmission. The transmit channel op- 
erating mode (Modem main or back channel, 
DTMF) can only be modified when RTS = 1. When 
RTS = 0, the ATO transmit output is enabled and 
the preselected operating mode is activated. When 
RTS returns to 1, Modem or DTMF transmission is 
inhibited after the first zero crossing of the gener- 
ated signal. 


Reception (RxD, DCD) 
MODEM, Back Channel 
ODEM, Main Channel 


DCD= Active Tone Detection (270 -500Hz) if RTS = 1... 


DCD =1if RTS=0 


lf RTS = 0 when that configuration occurs, transmission and reception are not modified. 
lf RTS = 1 (no signal sent on the line), transmission is not modified and reception is set 
up to detect 2100Hz tone (note 1). 


Note 1 : The decision threshold of the demodulator output ts shifted, so that RxD changes from 0 to 1 at 1950Hz instead of 1700Hz. 


MODEM TRANSMISSION FREQUENCIES 


CCITT R35 AND V.23 Frequency Generated with Error (Hz) 
Recommendations (Hz) Xtal at 3.579MHz (Hz) 


390 +2 390.09 +0.09 

450 +2 450.45 +0.45 

1200bps 1300 +10 1299.76 -0.24 
2100 +10 2099.12 -0.88 


DTMF TRANSMISSION FREQUENCIES 


Specifications Frequency Generated with Seda ‘ 
DTMF (Hz) Xtal at 3.579MHz (Hz) Dividing Ratio Error (%) 


697 +1.8% 699.13 
770 +1.8% 771.45 
852 +1.8% 853.90 
940.01 
1209.31 
1335.65 
1479.15 
1627.07 


Modulation 
Rate TxD 


75bps 


oO—_ 


om. 


941 +1.8% 
1209 +1.8% 
1336 +1.8% 
1477 +1.8% 
1633 +1.8% 
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CARRIER LEVEL DETECTOR 


- Output Level Detection conditions The detector has an hysteresis effect : N1 - N2. 
The DCD signal detector output is set to logic 
state 0 if the RMS value of the demodulator input - Timing Detection Requirements _ 
signal is greater than Ni. The DCD output has Signal detection time constants at the DCD output 
logic state 1 if the RMS value is less than N2. comply with CCITT Recommendation V.23. 


Modulation Ratio | DCDTransition | CCITT V.23(min) | Min. Max. | CCITT V.23(max) | Unit | 
1200bps tt 10 10 20 ms 
t2 5 5 15 ms 
75bps (Note 1) t1 0 15 80 ms 
t2 15 15 80 ms 


Note 1 : wide band Rx filter used (See Figure 7c). 


20 
15 
40 
40 


Figure 4 : Signal Detection Time Out 


: | | | 
LINE | | | 
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Note: When delays are bypassed (see RPRX register programming) response time ranges from 0 to Sms tn receive mode at 1200bps, 
and from 0 to 10ms at 75bps. 
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PROGRAMMING REGISTER 
RPROG 


| Address | Data 
| b7 | De | D5 | D4 | bs | ba | Dt | Sacer merece) 


The most significant bit (D7) is not used when decoding control 
register addresses. 


Reception positioned in the channel opposite to the 
transmission channel controlled by MC/BC 
1 X X_ | Reception positioned in the same channel as transmission 
(see note 3). 
X X X_ | Programming inhibited in normal operating mode. This mode is 
used for testing purposes. 
Notes : 1. RPROG ts set to 0000 on power-up. 


2. Excepted for RPROG register whose address is always 000, regardless of DO and D1. 
3. This mode allows either full duplex operation on a 4-wire line, or circuit testing with extemal Tx/Rx loopback. 


DTMF DIALING DATA REGISTER 
RDTMF REGISTER 


Tone Frequency (Hz) 
| 7 | De | 05 | D4 | D3 | b2 | D1 | DO LOW HIGH 


PE Oe | Oe TN WT ION OES == S602 ee 
eS ee ee a ee 770 
a ae ee aa eae es a ee ee ay 
i ae ae Sea ee ee ey ee Sao 
ee I OTE Oh ee lO. 
a er oe ee ee ae: 
SS aaa se Se See eee Rees (eee 
aes ee (ee (CE a a a (ee | eee 
Notes : This register is not initialized on power-up. 


X : don't care value. 
P : 1,0 or X depending upon RPROG content. 


DATA REGISTER FOR THE TRANSMISSION ATTENUATOR 
RATE REGISTER 


On Line Level (dBm 
Coupler Gain (- 6dB 


<= 70" 


* Power-up configuration. 
8/17 
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LINE MONITORING PROGRAMMING REGISTER 
RWLO REGISTER 


* Power-up configuration. 
Note : Signaling frequency is a square wave signal at 2982Hz. 


RECEIVE FILTER SELECTION AND GAIN PROGRAMMING REGISTER 
RPRF REGISTER 


MG jl ate We ee 
C(t |? [Rasa itise ae 

Rx Loopback — 33dBm < Rx Level < 40dBm 
pt dE XT oo] Xx | xX {|X | Receive FilterSelected 


ee aoa tn et ee ee. oe 
1 X xX xX xX Receive Filter Disconnected from RDI 
Output and from Demodulator. Offset 
Disabled. 


* Power-up configuration. 

Note 1: Depending on the line length, the received signal can be amplified. Programmable reception gain allows a level close to +3dBm 
at the filter input to take benefit of the maximum filter dynamic range (S/N ratio). The following requirement must be met: 
max. line level + prog. gain <+3dBm. 


TRANSMISSION FILTER PROGRAMMING REGISTER 
RPTF REGISTER 


| Address | ata ATO Transmission 
D7 | 06 | bs | D4 | 3 | ba | Dt | DO 


Re ee srt 
[00 tat via Smoothing Fiterand Atenuator 
Po oot via Low-pass Fier and Atenuator 
OTT ho [1 att via Bandpass Fer and Atenuator 
TTT ot fo [0 [im DTM ode, Transmision of High Tone Frequency 
TTT 00 0 in OTF Mode, Transmission of Low Tone Frequency | 


* Power-up configuration. 
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HYSTERESIS AND SIGNAL DETECTION LEVEL PROGRAMMING REGISTER 
RHDL REGISTER ; 


[Address [Data —*d~SSCUN (@By (rote 4 —— 
ros [os | bape or] oo] _ SeeFigure 
i AC ee el 


07 | D6 
ces 

(oa ee 
Edel 


x 
| 
G) 
c 
| 


‘ E 
| 
ié) f 
NJ mere 
| | 


-| 
. 
G3 | © | 
=~} aQ)]o 


=|=[2 


1 1 


wo 
on 


X 


x< 
x< 


eo és 
x< 
Co) 


* Power-up configuration. 
Note 1 : Detection low level measured at the demodulator input. The line signal detection level is obtained by reducing the gain ate the filter. 


RECEIVE CHANNEL PROGRAMMING REGISTER 
RPRX REGISTER 


Data acaaae 
(or [oe [0s [be | 08 


| Do | 
iW Wed set of Ol ea Low Frequency Wide Band Selected (Figure 7b) (Note 1) 
| | | x | x | 1 | X | Low Frequency Narrow Band Selected (Figure 7c) 
| | ft | x | x | x | 0 | CarierLevel Detector Delay Enabled* 
Px x x TT earrier Level Detector Delay Disabled 


Note 1 : In active tone detection mode (MOD/DTMF = @, MC/BC = 1, RTS = 1 see op. modes), 
The low frequency wide band is automatically selected for the receive channel, whatever the RPRX register programming value. 
After a switch back to modem mode (MOD/DTMF = 1, MC/BC = @ or 1) the RPRX register indicates again the value programmed 
before the active tone detection mode. 
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ABSOLUTE MAXIMUM RATINGS 


Symbol! 
DGND 
V+ 
V- 

V 
Vin 


DGND (digital ground) to AGND (analog ground) 
Supply Voltage V+ to DGND ro AGND 
Supply Voltage V- to DGND or AGND 
Voltage at any Digital Input 


Voltage at any Analog Input V- 0.3, V++0.3 


Current at any Digital Output — 20, + 20 enact 


lout 


mA 
Current at any Analog Output 
Power Dissipation 
Operating Temperature 
; °C 
°C 


— 


op 
Tstg 
Tlead Lead Temperature (soldering, 10s) 


Storage Temperature — 65, + 150 one 
ae ee oe 


If the Maximum Ratings are exceeded, permanent damage may be caused to the device. This is a stress rating only, and functional operation 
of the device under these or any other conditions for extended periods may affect device reliability. Standard CMOS handling procedures should 
be employed to avoid possible damage to the device. 
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ELECTRIC OPERATING CHARACTERISTICS 
Symbol 
V+ 
Vv 
+ 


Parameter 
Positive Supply Voltage 
Negative Supply Voltage 
V+ Operating Current 
V- Operating Current 
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DC AND OPERATING CHARACTERISTICS 


Electrical characteristics are guaranteed over the complete temperature range, with typical load unless 
otherwise specified. Typical values are given for : V" = +5V, V- = -5V and room temperature = 25°C 


| Symbol | Parameter] TestConditions | Min. | Typ. | Max. | Unit | 


DIGITAL INTERFACE (MOD/DTMF, RTS, DCD, RxD, ZCO, TxD, MC/BC, ENP, PRD) 


| Output Current, LowLevel [| Vou=O4V | 16 | | = | mA 
| lon | Output Current, HighLevel | Von=28V | = |= | ~ 250 | A 


ANALOG INTERFACE-PROGRAMMABLE (ATxI) 


| Vin__| InputVoltageRange | Ht | |B | 
|__lin___| InputCurrent (filter output selected) | | 10 | | +10 | A 
| Cn | Input Capacitance (ATT outputselected) | | = | | 20 | 
| Rin __| Input Resistance (ATT outputselected) | | 00 | - | = | KO 


ANALOG INTERFACE - TRANSMIT OUTPUT (ATO) (load conditions RL = 5602, C_ = 100pF) 


[Vos [Output Ofset Voltage ——S—SCSC~C~—~—dSC=“~*‘“*“‘*~*~*~*~dC HTC Cid | 
Pc. [ Load Capacitance ——SCSC“~*~‘~—sSSC“‘“‘CSSSCSC*C*dSCN™~C*dSSC™S*d;Ct00 |_| 
Load Resistance ae ee a ee 
Output Voltage Swing ae 2c Se 
[Rew | OutputResistance ———SO=“*‘“‘*S~*srSC“‘(CSN™SCNCN#N”SCédDCS OD“ Ss? ss | 
[= [ATO Attenuation RatiowhenATS=1 [| ——S—~SsSY sd] Sd i 
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DC AND OPERATING CHARACTERISTICS (continued) 
Electrical characteristics are guaranteed over the complete temperature range, with typical load unless 
otherwise specified. Typical values are given for : V" = +5V, V" = -5V and room temperature = 25°C 


Symbot[ Parameter _—~=~S*~*~rCS*«S est Conditions | win. | Typ. | Wax. [ Unit 


ANALOG INTERFACE - LINE MONITORING (WLO (load conditions , Ri = 10kQ, C. = 50pF) 


Output Offset Voltage Po 250 
jn Ci. Mead Capacitanes, oir es 
Load Resistance aes ana eal 
Vou | Output Voltage Swing | | [8 
| Rou | OutputResistance | = TH 8 8 
|= | WLO Attenuation Ratio | 0 | = = 


ANALOG INTERFACE - DUPLEXER (RAI+, RAI-, RAO) 


| Vin__| Input VoltageRangeRAl, RAI | 
| in | InputCurrent RA, RAI | = 
|_Cn | InputCapacitanceRAl, RAK | 


Pp 8 
Ri =300Q] -0.9 
| C.__[LoadCapacitanceRAOi C= 100pF_ | Cd 
c= 100pF, R= 6008 
Vo 


DC Voltage Gain in Large Signals, RAO2 


ANALOG INTERFACE-RECEIVE FILTER OUTPUT (RFO) 
Amplifier Limiter Input (RDI) 


| Vin__| Input Voltage Range (RPRF=txxx) | 
__Fin__| Input Resistance (RPRF =1xxx) | 
| Cn | InputCapacitance (RPRF=tmm) | 
( ee ee 
ee ee a 


Vout 
| Row | OutputResistance | 


Cycle Time oe ee ce ll | = | 
Pwei(2) | Pulse Width, RTS Low le te ee i, = 
Pulse Wat, ATS High ee eat 


tr, t (4) | RTS Rise and Fall Times a | 50 | ns | 

tice (5) | ControlinputHoldingTime | C—Cti‘“C;SC*rSCt | =| = ns 

tsce (6) | Control inputSetupTme =| —“(‘SC*dS COD: |= _'| = | ns | 
| tsoi(7) | TxDorPRDinputSetupTime = | tt —C“‘i‘“C*CST«CO CT CTC Cd ns 

two (8)_[ TxD oF PRD Input Hold Time Sd 00 || 
| tww (9)_| TWW Input Writing Inpulsion Width (high level)[ | 00 || =O Ons | 
| tao (10) | TxDInputSetupTime CT i“(ti‘“;*rSCt TC ST = CY 

ino (14) [ TxD inputHold Time dd t0 
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INPUT SHIFT REGISTER ACCESS 


Figure 5: 1st Case : Programmation without Figure6: 2nd Case: Programmation with TXD 
Data Transmission During Data Transmission 


MC/BC 


AND 
MOD/DTMF 


TxD (DATA) | } D7 (DATA) 
ni n n 
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DC AND OPERATING CHARACTERISTICS (continued) 
Electrical characteristics are guaranteed over the complete temperature range, with typical load unless 
otherwise specified. Typical values are given for : V* = +5V, V = -5V and room temperature = 25°C 


TRANSMIT FILTER TRANSFER FUNCTION (load conditions : Ri = 5602, CL = 100pF) 


Absolute Gain at 2100Hz 


Gain Relative to Gain at 1700Hz Band-pass 
< 390Hz 
= 390Hz 
= 450Hz 
= 1100Hz 
Band-pass or Low-pass 
1100Hz to 2300HZ 
3300Hz 
5800Hz 
> 16000Hz 


Group Delay (modem transmission) 
Main Channel : from 380 to 460Hz 
Back Channel : from 1100 to 2300Hz 


oe TRANSFER FUNCTION 


| Art | Absolute Gain for OdB Programmed 


Attenuation Relative to Programmed Value 
eee ahan for Elecrammed Value = co 


| Ror | R 
TRANSMIT GENERAL CHARACTERISTICS 
Modem Amplitude (Att = OdB) 


450Hz 
1300Hz 
2100Hz 


DTMF Amplitude (Att = OdB) 
- Low Frequency Group -3 - 1.5 | dBm 
- Low Frequency Group versus Low Frequency Group +1.5 +2.5} dB 


|_| PsophometicNoise P= | | 250 | 
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DC AND OPERATING CHARACTERISTICS (continued) 
Electrical characteristics are guaranteed over the complete temperature range, with typical load unless 
otherwise specified. Typical values are given for : V" = +5V, V = -5V and room temperature = 25°C 


Symbot[ ___Parameter__——~——~(|_ ‘Test Conditions | Min. | Typ. | Max. | Unit 


RECEIVE FILTER TRANSFER FUNCTION 


Gar Absolute Gain at 1100Hz - Main Channel -—0.5 +0.5 
(OdB programmed) 
G = = 


dB 
dB 


Gain Relative to the Gain at 1300Hz < 150Hz 

(OdB programmed) 150Hz to 450Hz 
1300Hz 
2100Hz 
2300Hz 
5500Hz to 10000Hz 
> 10000Hz 


Gar Absolute Gain at 420Hz 
(back channel - narrow band) ( 
Grr 


380Hz 
400HZz to 440Hz 
460H 


Zz 
1100Hz to 10000Hz 
> 10000Hz 


Gar Absolute Gain at 425Hz (tone detection or back 
channel wide band) (OdB programmed) 
Grr Gain Relative to Gain at 425Hz (OdB programmed) | < po 
275Hz 
300Hz to 525Hz 
575Hz 


1375Hz to 10000Hz 
> 10000Hz 


dB 
|_| PsophometricNoise | dC 


RECEIVE TRANSFER - GENERAL CHARACTERISTICS 


Absolute Filter Gain for : 
OdB programmed 
6dB programmed 
12dBprogrammed 


Absolute Gain for dB Programmed [aati ord ek | 8) 
Rat Attenuation Relative to Programmed Value —1 +1 dB 

- Attenuation for Programmed Value 70 dB 
Buzzer Signalling Frequency is 


Signalling Frequency Amplitude 
at 0.42Vpp Programmed 
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Receive Filter Transfer Characteristics Transmission Spectrum 


At the ATO output, the out-of-band signal power 
conforms to the following specifications : 


Figure 7a: Main sea 


r 
-10 : 
-20 ‘4 N 
a |_| NAL INTE 
Se -30 N N 
Z tt AT 
<q ~40 N PANT 
Seyi Now C/T NCC Ell 
ean ST AL TIT NR RRRR 


EVI ETE ET 
ETAT CTF 


i 
< z 
0.1 10 100 3 2 
FREQUENCY (kHz) b p 
Figure 7b: Back Channel - Narrow Band Receiver 


Measurement conditions 
Local transmit level : -10dBm on lower channel at 
75bps. 


TSA ETT TTT) 
AN 


Gi 


-20 | N A Receive level : -25dBm, with 511 bit pseudo-ran- 
S ao SEUIN | LUMI LTT gem tectpatiem: 
z= aot NIL Uh Test equipment : TRT sematest. 
Bn NTT LAMINA TTT Isochronous distortion 


The following table shows typical isochronous dis- 
tortion obtained with the TS7514 circuit : 


Bit error rate 


Typical bit error rates versus while noise are as 
follows (noise and signal levels are measured with- 
out weighting on the ae a 


PPT TTUMINSS 
A TUNE PT TTT 
ILL LLU 


0.1 10 100 
FREQUENCY (kHz) 
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Figure 7c: Basic Channel 
Wide band and Tone Detection 


essa TIE TTT 
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EN 
eT 
STINK CETTE PT 
S71 LINASSSISIR TTT 
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a 
ELUM TTD 
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GAIN (dB) 
BAN 


faut setae ye ee 
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CHARACTERISTICS OF TEST LINES 


Figure 8 


ATTENUATION DISTORTION 
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GROUP DELAY DISTORTION 
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TYPICAL APPLICATION INFORMATION 


External 
Signal 


100nF 


V+ GNDDGNDA_ V- 


RAO1 


WLO |_| 


(*) : Regulation Required in France Only 


1TS7514 


CTP 1202 
(670 90003) 7 TRISIL 

& (TPA 270A 18) 
Transfo. 

OL2 


(EMT L 162) 


a 
File 
x 
N 
_ 
| | 


100nF 39kQ To 


Loudspeaker 
Amplifier 


POWER SUPPLIES DECOUPLING AND LAYOUT CONSIDERATIONS 


Power supplies to digital systems may contain high 
amplitude spikes and other noise. To optimize per- 
formances of the TS7514 operating in close prox- 
imity to digital systems, supply and ground noise 
should be minimized. 

This involves attention to power supply design and 
circuit board layout. 


The Power supplies should be bypassed with tan- 
talum or electrolytic capacitors to obtain noise free 
operation. These capacitors should be located 
close to the TS7514. The electrolytic type capaci- 
tors for improved high frequency performance. 


Power supplies connections should be short and 
direct. Ground loops should be avoided. 


7514-15 EPS 
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SINGLE CHIP DPSK AND FSK MODEM 


= MONOLITHIC DEVICE (INCLUDES BOTH = Overspeed selection in character asynchro- 


TRANSMIT AND RECEIVE FILTERS) nous format mode 

# MIXING ANALOG AND DIGITAL TECHNICS = Scrambler selection 

® STANDARD LOW COST CRYSTAL = 1800Hz guard tone selection in V.22 
(4.9152MHz) ® Test loop selection (Digital/Analog) 


# AVAILABLE CLOCK FOR MICROPROCES- 


SOR AT 4.9152MHz 

# LOW POWER DISSIPATION 
(CMOS technology) 

&® SHARP ADJACENT CHANNEL REJECTION 

=» FIXED COMPROMIZE EQUALIZATION IN 
TRANSMITTER AND RECEIVER 


= TEST LOOPS (local analog, local digital and pIP28 
remote digital loopbacks) (Plastic Package) 

& CARRIER DETECTION OUTPUT 

# CCITT AND BELL SIGNALING TONE . 

= 1200BPS AND 600BPS BIT SYNCHRONOUS ORDERING INFORMATION 


FORMAT IN DPSK 


=™1200BPS AND 600BPS 41%, -2.5% OR 
#2.8%, -2.5% CHARACTER ASYNCHRO- 


NOUS FORMAT (8, 9, 10 or 11 bits) IN DPSK 
PIN CONNECTIONS 
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= 0 TO 300BPS IN FSK 

=» AUTOMATIC DIAL LINE MONITORING CAPA- 
BILITY 

= BREAK SIGNAL SUPERVISION 

=» EXTERNAL VOICE BAND TONE FILTERING 28 |_| XTAL OUT 
AVAILABLE (i.e. 550Hz or DTMF) ATE 27 |_| XTALIN 

= CMOS AND TTL COMPATIBLE = 

= DIRECT INTERFACE TO STANDARD MICRO- 
PROCESSOR FAMILIES 


DESCRIPTION 


The TS7515 is a single chip DPSK and FSK voice- 
band modem, compatible with the BELL 103, 212A 
and CCITT V.22 A/B recommended standards. 


MAIN OPERATING MODES 

= Standard selection (Bell 212A/Bell 103/V.22) 

m Answer tone selection (2100 or 2225Hz) 

= Low speed mode selection 

= Channel selection (answer/originate) 

= Synchronous/asynchronous mode selection 

#8 bits to 11 bits word length selection in char- 
acter asynchronous format mode 
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PIN DESCRIPTION 


Pin «gs 
freon [Ba [retin [aon 


COMMON SECTION (supply, clock, handshaking and mode selection) 


BT aa ER heaetectiecteneertorne serene 
va [1 [a5 | Negative Power Supply [SV SSOSCSC~C~“~“~*~*~“~*~S*~“~*~*~S 
reno [1 [2 [Grune oy CSC—“~“SC“‘—SSSSS 


This pin corresponds to the input of the oscillator. It is normally 
Oscillatorinput connected to an external crystal but may also be connected to a 
P pulse generator. The nominal frequency of the oscillator is 
4.9152MHz. 
This pin corresponds to the output of an inverter with sufficient loop 
XOUT atte Oscillator Output gain to start and maintain the crystal oscillating. 
CLK 26 Clock This pin delivers a clock signal, the frequency of which is the crystal 
frequency. It may be used as a buffered clock a microcontroller. 
This three-state input selects the features corresponding to CCITT 
C/B cents CCITT/BELL Selection br BEL recommandation: 
Synchronous/ This three-state input selects the synchronous bit format or the 
A/S Asynchronous Selection asynchronous character format mode in DPSK transmission. This 
y input allows also character length selection (refer to table 8). 
This input selects the character length in conjunction with A/S input 
CLS Pas | 1 | 1 Character Length (refer to table 8). 
This input selects the over-speed in asynchronous character format 
ee Over-speed Selection mode required by CCITT recommandation (refer to table 8). 


A Logic "0" on this input turns chip on1200 bps rate. A logic "1" turns 
Binaly Hale Sereciion:. "line chip on 600bps or 0-300bps according to C/B selection. 


A logic "0" on this input turns the chip on answer mode. A logic "1" 
erecta) MNS WEUONG: Selection turns the chip on originate mode. 


ME. oh ak, Af. Test Loop Selection This three-state input, selects the test loops mode (refer to table 6). 


TRANSMIT SECTION 
determines which phase or frequency appears at any instant at the 


TxD 23 Transmit Data 
ATO pin in DPSK or FSK modes. 
The analog output is the modulated carrier or the answer tone to be 
ATO 16 pied ent conditionned and sent over the phone line mixed with the filtered 
P signal from EXI. 
This analog input allows external tone to be filtered by an internal 
External Tone Input low-pass filter. Filtered signal appears at ATO whatever RTS. 
A logic "0" on this inputinstructs the chip to enter answer signaling 
ATE Answer Tone Enable | tone mode according C/B selection. A logic "1" turns the chip on 
transmit data mode (refer to table 9). 
D4 Scrambler Enable A logic "0" on this input enables the internal scrambler. 
Input A logic "1" instructs the chip to bypass the scrambler. 
This output delivers a transmit bit clock generated by chip in 
TxCLK 24 Transmit Clock synchronous mode. When TxSCLK is used, TxCLK is locked on 
from Modem 
Transmit Clock 


TXSCLK. This output generates a logic "1" in asynchronous mode. 
mle 


This input receives a bit clock supplied by the DTE. This clock 
2/14 


Data bits to be transmitted are serially presented on this input. A 
mark corresponds to a logic "1" and a space to a logic "0". This data 


synchronizes the internal transmit clock of the chip. In line 
monitoring mode this input receives the filters clock. 


When a logic "0" is present on this input, the chip delivers on ATO 
a modulated signal or a signaling tone and the filtered signal from 
EXI. When a logic "1" is present on this input, ATO delivers only 
the filtered signal from EXI. When a logic "-1" is present on this input, 
the receive section may be used for line monitoring and ATO 
delivers only the filtered signal from EXI. 


Request to Send 
Terminal 
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PIN DESCRIPTION (continued) 


Pin ane 
soon [ie [rotons 


RECEIVE SECTION 


: This input receives the analog signal from the hybrid. It corresponds 
pra] ot | 18 | Receive. Analog Input to the input of the receive filters. 


This analog output is the signal received on RAI once filtered. The 
receive filter also equalizes the signal for adaptation to most existing 
RFO 14 Receive Filter Output lines. This output must be connected to RDI through a capacitor to 
meet the level detection conditions. 
43 Receive Demodulator | This pin is the input of the carrier detection logic and of the 
Input demodulator 
ees A logic "0" on this output indicates that a valid carrier signal is 
DCD 11 Data Carrier Detect 


present on RAI. A logic "1" means that no valid signal is being 
received. The hysteresis meet standards recommendation. 
| RxD | O | 8 | — ReceiveData | Data bits demodulated are available serially at this output. 
This output delivers a receive bit clock generated by the chip. In 
RxCLK Receive Clock asynchronous mode this clock is 16 times the modulation rate. In 
synchronous mode the clock is equal to the bit rate. 
This output is an intermediate demodulator output intended for 
The TS7515 is a general purpose monolithic DPSK - Bell 212A with its low speed mode 


and FSK modem implemented with double poly - Bell 103 
CMOS process. 


It is capable of generating and receiving phase 
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All filtering functions required for frequency genera- 
tion, out-of-band noise rejection and demodulation 
modulated signals at data rates of 1200bps or —_are nerformed by on-chip switched capacitor filters. 
600bps as well as frequency modulated signals at 
data rates up to 300bps on voice-grade telephone _—_‘!n phase modulation the modem provides all data 
lines. buffering and scrambling functions necessary for 
It is offered in a 28 or 44 in plastic package and is pg eee ies se asynchronous:cnarac: 
able to operate in full-duplex mode according to a ae iad 


three pin selectable standards : Internal frequencies are generated from a 
- CCITT V.22 A-B 4.9152MHz crystal reference. 
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BLOCK DIAGRAM 


ASYNCHRONOUS 
T H , »| _DSPK |i al tRasmit FILTER 
O SYNCHRONOUS |-® MARULATOR ASMIT FILTE 


CONVERTER WITH FIXED 
COMPROMISE 


EQUALIZATION 


FSK MODULATOR AND a | 
SIGNALING TONE GENERATOR | ~ 


ee RECEIVE FILTER 
NSMIT WITH FIXED 
eta REFERENCE VOLTAGES | | COMPROMISE EQUALIZATION 


TxCLK 


DCD < 


BASEBAND CARRIER 
DATA f— RECOVERY 
RECOVERY LOOP 


i SYNCHRONOUS i RECEIVE ’ LOCK 
TO ASYNCHRONOUS {<t—]| DESCRAMBLER |< DECODER |<] RECOVERY 
CONVERTER LOOP 
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ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter 
Supply Voltage 
Supply Voltage 

+ 
60 


Digital Input (except three-state inputs) 
Operating Temperature 
Pin Temperature (soldering, 10s) 


Stresses above those listed under "Absolute maximum ratings" may cause permanent damage to the device. This is stress rg only and 
functional operation of the device at these or any other conditions for extended periods may affect device reliability. Standard CMOS handling 
procedures should be employed to avoid possible damage to device. 


anit 
Analog Input 
<a 
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ELECTRICAL OPERATING CHARACTERISTICS 


| Symbol | —ssiParameter ss Min. (| Typ. | Max. | Unit 
V 
Negative Supply Voltage ane 
D.C. AND OPERATING CHARACTERISTICS 

Ta = 0°C to +70°C, V* = +5V +5%, V =-5V +5%, GND = OV 

[Symbol | —SSSCSC*C«é arate =—SSS«d;'Cins ‘| Typ. | Max. | Unit | 


DIGITAL INTERFACE 


|| Input Current (Vumin< Vic Vinmax) | 8 | = | 80 |p 
es a 
Output High Level Current (Von = 2.4V) | - | = | -40 | pa | 
[Vn [inputLowVolageSSSCS*~<“*é‘“*‘“‘~*~*~dCSNDSLSCS:SC*SC 


[Vin [input High Votage——SSCSCSC“~—S~“*S*S*S*S~“~S*~“‘~— 
[input Negative Vollage Si 


E 
2 


Output Voltage Swing (RL/10kQ, C._ = 20pF) 
Vo - Carriers 
- Guard Tone 1800Hz2/Data Signal 


RTS Attenuation 


ANALOG INTERFACE, RECEIVE DEMODULATOR INPUT (RDI) 


Serial Capacitor from RFO 


Maximum Detection Level to Valid DCD Output 
minimum Detection Level to Valid DCD Output 


7515-06 TBL 


N1/N2 Hysteresis Effect 


c ee values are for Tamp = 25°C and nominal power supply values. 
** This capacitor must be unpolarized type capacitor 
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DYNAMIC CHARACTERISTICS 
RECEIVE FILTER TRANSFER CHARACTERISTICS IN DSPK 


CSymbot [SST RarameterSS*d ins [Ty | Mame | Ui 


Low Channel 


| GA | Absolute PassbandGainat: ss t200Hz | - | 495 | - | a8 
ead 


Relative Gain to GA at: 


1800Hz 


a Channel 


Relative Gain to GA at: 


2400Hz 


1800Hz 
1200Hz 


RECEIVE FILTER TRANSFER CHARACTERISTICS IN FSK 
In FSK the receive filter is the same as in DSPK but the sampling frequency is multiplied be a 14/15 ra- 


tio (i.e. 2400Hz in DSPK becomes 2240Hz in FSK). 


| Symbol | Parameter | Min | Type* | Max. | Unit 


Low Channel 


| GA | AbsolutePassbandGainat: 1120Hz@ | - =| 95 | - |B 


High Channel 


| GA | AbsolutePassbandGainat: ss eOHz | - | 95 | = | BS 


* Typical values are for Tam» = 25°C and nominal! power supply values. 


DEVICE OPERATION 


Transmitter 


The transmitter consists of two analog signal gen- 
erators followed by switched capacitor and continu- 
ous filters. In phase modulation operation mode the 
DPSK signal generator is preceded by a selectable 
scrambler and an asynchronous to synchronous 
converter is included in character asynchronous 
format mode. 


Tone allocation : the modem on the end of the line 
which initiates the call is called the originate mo- 
dem. In normal transmission operation it transmits 
in low channel and receives in high channel. The 
other modem is the answer modem which trans- 
mits in high channel and receives in low channel. 


Modulators 


DPSK modulator : the phase modulation type is 
differential quadrature four phase shift keying (see 
Table 1). The 1200bps data stream to be transmit- 
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ted is converted into two 300 dibits per second 
streams which modulate alternatively two inde- 
pendant carriers. Consequently the base band 
shaping is included is a 5-bit address ROM which 
generates samples for a 8-bit switched capacitor 
DAC at a frequency equals to 8 times the carrier 
frequency. 


Table 1: DPSK Modulation 


*x: don't care. 


si 8 
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FKS modulator and tone generator : a frequency 
synthesizer provides accurate clocks to a switched 
capacitor sine wave generator (see Table 2). Phase 
continuity is maintained when a frequency shift 
occurs. 


Table 2 : FSK Modulation (BELL 103) 


Standard Frequency 
2025Hz 


Transmit Filters 


To avoid unwanted frequency components to be 
echoed by the hybrid in the reception path, to 
maintain the level of spurious out-of-band signals 
transmitted to the telephone line below the limits 
specified by administrations (see figure 1) and to 
complete statistical amplitude and phase equaliza- 
tion, the analog signals are processed by ten poles 
sharp pass-band switched capacitor filters. The 
response of these filters depends on the selected 
channel (Answer/Originate) and the selected 
standard (BELL 212- V.22 BELL 103). Acontinuous 
filter eliminates parasitic sampling effects. An addi- 
tional low-pass filter input is provided. This allows 
to mix and filter such tones as DTMF signals or 
special guard tones (550Hz) to the transmitted 
signal. 


Scrambler 


The scrambler used during phase modulation en- 
sures the transmission of a continuously changing 
pattern. This avoids the receiving modem to drop 


Table 3 : Output Frequency Deviation 


Standard 
Frequency 


Frequency 
Using 4.91MHz 


% Deviation 
from Standard 


1070Hz 1066.7Hz BELL 103 Originate 


TS7515 


out of lock on certain continuous repetitious data 
patterns. 


This scrambler may be disabled during handshak- 
ing procedures. In V.22 a special unlocking se- 
quence is performed on 64 spaces pattern at 
scrambler output. 


Asynchronous To Synchronous Converter 


The DPSK signal is synchronous in nature but the 
modem has both an asynchronous as well as a 
synchronous mode of operation in DPSK. So a data 
buffer is necessary to convert variable rate asyn- 
chronous character data to an equivalent bit ori- 
ented synchronous data stream. This is done by 
inserting or deleting stop bits. If serial input data 
contains a break signal through one character (in- 
cluding start and stop bits). One break will be 
extended to at least 2+ M + 3 bits long (where N is 
the number of transmitted bit/character). 


Figure 1 : Transmitted Signal Template 


16 ¢ (kHz) 
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RECEIVER 


The receiver includes two band-pass filters fol- 
lowed by an amplifier and a hard limiter. Depending 
on selected standard, the detector output is passed 
through a DPSK demodulator or a FSK demodula- 
tor. The DPSK demodulator is followed by a de- 
scrambler and a selectable synchronous to 
asynchronous converter. In addition a carrier de- 
tector monitors the level of the received signal. 

Tone allocation : in normal transmission operation 
the originate modem receives in high channel and 
transmits in low channel. The answer modem re- 
ceives in low channel and transmits in high channel. 


Receive Filters 


The signal delivered by the hybrid to the receive 
analog input is a mixture of transmitted signal, 
received signal and noise with a level in the range 
from -48dBm to -OdBm. Depending on the operat- 
ing mode and the selected standard the 20 poles 
receive switched capacitor band-pass filter selects 
the frequency band of the low channel or the high 
channel. A ratio of 14/15 is applied on the sampling 
clock frequency between FSK and DPSK in the 
same operating mode (Answer/Originate). These 
filter reject out-of-band transmission noise compo- 
nents and undesirable adjacent channel echo sig- 
nals which can be fed from the transmit section into 
the receive section. Fixed equalization is included 
in order to assure low error rate. 


Amplifier And Hard Limiter 


Once filtered the received signal is amplified and 
fed to the carrier detector. In order to limit analog 
parts in the design all the demodulator techniques 
used in the TS7515 are based on zero crossing 
detection. So the received signal is just limited 
before entering demodulator. 


Demodulators 


DPSK demodulator : a DPLL is used to recover 
the carrier signal. This DPLL has a lock range of 
+2Hz but as the incoming carrier may present an 
offset of +7Hz a second loop allows the first DPLL 
to lock on the exact frequency of the carrier with an 
accuracy of +1Hz and to follow its slow variations 
in 1200 bands mode only. Then the limited received 
signal is mixed through exclusive-Or with the recov- 
ered carrier and with the 90 degrees phase shifted 
recovered carrier. The results are processed 
through four poles Bessel filters wich provide a 
good amplitude propagation time compromise. The 
received sampling clock recovered from these 
base and data with a simple DPLL. The received 
data are sampled by this clock and then converted 
into a serial synchronous bit stream. 
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FSK demodulator : the zero crossing detector 
output is passed through a shift register whose 
length depends on the operating mode (An- 
swer/Originate). The output of the shift register and 
the detector are mixed into an exlusive Or. Then 
they are processed through a four poles Bessel 
filter and a slicer. 


Test Output 


Once demodulated DPSK data are generally proc- 
essed (cf next paragraph) but during call set-up 
procedures or data set testing it is of importante to 
monitor the demodulator output. So in DPSK mode 
demodulated data are available on TEST pin. 


Descrambler and Synchronous to 
Asynchronous Converter 


Data coming from the DPSK demodulator are un- 
scrambled. In V.22 the unlocking sequence is de- 
tected at descrambler input and the original data 
are decoded before descrambling. In asynchro- 
nous character format mode of operation a data 
buffer is able to detect missing stop bits and reinsert 
them. The converter is able to recognize the break 
signal and transmits it without modification. 


Carrier Detector 


Whenever valid signals are being received at the 
input of the demodulator and are acceptable for 
demodulation, carrier detect output is pulled down. 
A delay is timed out before the carrier received or 
carrier lost signal changes carrier detect output to 
provide immunity against noise bursts. The modem 
also provides at least 2dB of hysteresis between 
the carrier ON and the carrier OFF thresholds (see 
Figure 2). 


Figure 2 


In DPSK mode 105ms <t; < 205ms 10ms < te < 24ms 
In FSK mode 105ms <t:<205ms 25ms <te <75ms 
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LOOP TEST 
Loop 3 


This loop is called the analog loop. When it is 
selected the receive filters and the modulators are 
configured to process the same channel as the 
transmit section. The transmit carrier has to be 
looped back externally to the receive analog input. 
This loop allows the user or the DTE to check the 
satisfactory working of the local DCE. 


Loop 2 

This loop is called the digital loop. When it is 
selected received data, receive clock and data 
carrier detect signals are respectively and internally 
looped back on transmit data, transmit clock from 
terminal and request to send. This loop allows the 
user or the DTE to check the satisfactory working 
of the line and the remote DCE. 


Clocks 


In synchronous mode of operation TXCLK, TxSCLK 
and RxCLK are respectively working as the V.24 
circuits C114, C13 and C15. In asynchronous 
mode of operation RxCLK can be used as baud 
rate clock to synchronize the transmit and the 
receive sections of a UART (see table 4). 


Table 4 : Clock Operation 


Table 5 


TxSCLK 


45kHz 


TxCLK RxCLK 
pt | 19.2kHz 
pt | 9.6kHz 


ane 
aie 


Frequency at 3dB Frequency 
store [vee | |S 
Se 


Dial Tone and Busy 
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Oscillator Output 


The buffered master clock (4.9152MHz) is made 
available at output CLK. It can be used as a clock 
for a microcontroller. 


Voltage Reference 


A temperature compensated voltage reference 
build with a zener is included in the chip. This 
vol-tage is used to calibrate transmit levels and to 
generate the carrier detection thresholds. 


LINE MONITORING 


A special mode has been included in the TS7515 
to monitor the line during an automatic call. When 
this mode is selected (A/S = 0, RTS = -1) receive 
filters clock is directly derived from TxSCLK which 
allows the user to precisely observe broad fre- 
quency bands. Furthermore the DCD performs a 
fast carrier detection equivalent to an envelope 
detection. As the center frequency of the receive 
filters is proportional to TxSCLK frequency in this 
mode it is possible to tune the passband according 
to the frequency to be detected (see Table 5). 


TxSCLK : must be created from the TS7515 master 
clock (4.9152MHz). 


V.22 
Asynchronous 


BELL 212A 
Asynchronous and BELL 103 
V.22 
Synchronous 
BELL 212A 
Synchronous and BELL 103 


Application 


19.2kHz 


4.8kHz 


Answer (A/O = 0) 


Passband 
at 3dB 


440Hz Detection 
330Hz Detection 
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APPLICATION INFORMATION 


In a typical application a microcontroller provides 
control and interface to the Data Terminal Equip- 
ment (DTE), and a Direct Access Arrangement 
provides connection to the telephone line. Then the 
TS7515 can communicate with the most popular 
modems (BELL 103 and BELL 212A) in countries 
under BELL standards and popular modems (V.22) 
in countries under CCITT recommendations. 


Power Supplies Decoupling and Layout Con- 
siderations 


Power supplies to digital systems may contain high 
amplitude spikes and other noise. To optimize per- 
formances of the TS7515 operating in close prox- 
imity to digital systems, supply and ground noise 
should be minimized. This involves attention to 
power supply design and circuit board layout. 


The power supplies should be bypassed with tan- 
talum or electrolytic capacitors to obtain noise free 
operation. These capacitors should be located 
close to the TS7515. The electrolytic type capaci- 
tors should be bypassed with ceramic capacitors 
for improved high frequency performance. 

Power supplies connections should be short and 


Figure 3 : Examples 


direct. Ground loops should be avoided. 

Coupling between analog inputs and digital lines 
should be minimized by careful layout. The RDI 
input (Pin 13) is extremely sensitive to noise. 

The connection between this point and RFO 
(Pin 14) through a ceramic type capacitor should 
be as short as possible and coupling between this 
connection and digital signals should be minimized 
by careful layout. 


Carrier Recovery Loop 


The carrier recovery loop utilizes a digital phase 
lock loop. Performances of the TS7515 depend 
directly on this DPLL which needs to be resetted 
before receiving a DPSK carrier. 

Three ways of resetting the DPLL exist on the 
TS7515 : a 

- Atrailing edge on DCD. 

- Changing FSK mode to DPSK mode or reversely. 
- Changing receive channel. 

These three ways of resetting the DPLL should be 
used in the software included in the microcontroller 
to perform the various set-up procedures and 
handshakes. 


V.22-V.25 received signals in Originate mode 
Line —— () () () ——— [2100Hz] 


[unscrambled marks 2400HzZ] [data... 


DCD | | | 


The DPLL is automatically resetted 


Bell 212A received signals in Originate mode 
Line —— () () () ——— [2225Hz] [scrambled marks 2400HZ] [data... 


a Or 


This transition to "1" is needed to reset the DPLL 


TYPICAL PERFORMANCES 


The typical performances listed below are achieved 
with the environment described in the previous 
paragraph. 
- Dynamic range : OdBm to - 45dBm. 
- BER performances : 
Conditions : Xmit level = - 10dBm, 
Rec level = - 25dBm, 
Message 511 bits on CCETT lines 1, 2, 
3, 4 and CNET lines QN and 3 VHF and 
US lines C4, C2, and Co. 
1200 bps operation 
-BER 10~fora7dBSNR 
-BER 10° fora11dBSNR 
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300 bps operation 
-BER 10 : fora 3 dB SNR 
-BER 10° fora 8 dB SNR 


- Specific DPSK performances 
Phase hits sensitivity : 25 degree BER 
Phase Jitter : 35 degree ; < 10° 
Amplitude hits sensitivity >: +10dB 
Offset carrier sensitivity SNR increase < +1dB 
1800Hz guard tone SNR increase < +2dB 
sensitivity 

- Specific FSK performances 
Bias Distortion : less than 5 % 

Jitter : less than 12 % 
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SELECTION MODE TABLES 


SYNTHESIS OF DIFFERENT MODES FOR RECEIVE SECTION 
Table 6 


[Receive —SSSC*dY:SC*«ide 


DPSK Answer 


ge: a A 
including 
DPSK Originate BELL 103 


7515-09 TBL 


Answer : Receive in low channel 
Onginate : Receive in high channel 
Loop 3: Analog loop 

Loop 2: Digital loop 


SYNTHESIS OF DIFFERENT MODES FOR TRANSMIT SECTION 


Table 7 
[ansmit™ ——=~=*~=‘—dsSC*S*éiMO Cd 
cal Answer Tone 
2225Hz 
DPSK 1200bps Answer 
DPSK 1200bps Originate 
DPSK 600bps Answer 
DPSK 600bps Originate 


V.22 without 
Guard Tone 


DPSK 1200bps Answer 
DPSK 1200bps Originate jenece eae 
DPSK 600bps Answer Tone 


sclicaies 


7515-10 TBL 


Answer : Receive in high channel 
Originate : Receive in low channel . 
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SELECTION MODE TABLES (continued) 


MODE SELECTION IN PHASE MODULATION TRANSMISSION 
Table 8 


Lenath 


+1%, -2.5% 


+2.3%, -2.5% 


+1%, -2.5% 
Asynchronous +2.3%, -2.5 % 


+1%, -2.5% 
+2.3%, -2.5% 


40 +1%, -2.5% 
+2.3%, -2.5% 


TEST PIN 
Table 9 


>100H2 V.22 DPSK 600bps 
V.22 DPSK 1200bps 
92052 BELL 212A DPSK 1200bps 
BELL 103 FSK 0-300bps 
V.22 without Guard Tone DPSK 1200bps 
V.22 without Guard Tone DPSK 600bps 
V.22 with Guard Tone DPSK 1200bps 
V.22 with Guard Tone DPSK 600bps 


BELL 212A DPSK 1200bps 
BELL 103 FSK 0-300bps 


DDO : DPSK demodulator output 
HLO : Hard limiter output 


SUMMARY OF THE DIFFERENCES BETWEEN BELL 212A AND V.22 A-B 
Table 10 


Low Speed Mode 0-300bps FSK 600bps DPSK 


Guard Tone | = Nos 1800Hz Optional * 
Answer Tone 2225Hz 2100Hz 
Character Length is Asynchronous Mode in DPSK 9, 10 bits 8, 9, 10, 11 bits ** 


No 
Over Speed Mode in Asynchronous Mode in DPSK 


* 550Hz may be externally generated and added to the transmit signal through EXI. 
* Features of V.22 are available in BELL 212A on the chip. 
All these differences are taken into consideration inside the TS7515. 


Feature BELLZIZA 
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A VERY LOW COST AND POWERFUL SOLUTION 
~ FOR V.23 APPLICATION : TS7514 


by O.LEENHARDT - R. GIRARD 
SUMMARY Document page 
INTRODUCTION) «3.652592 eke aoe seo tar s eawees awe eee eas 
PROGRAMMABLE MODE 


wk, 


1 WETCIVVEAT TO PROGRAM? tc satiate Hee tens,o, Aad iar kons Sah nn Quarale tne ae eer 
2 HOW TO PAOGRAM? acta dhe as oh alae neaens eeee ae ba eee hare ey ances | 
3 TIMING DIAGRAMS 


| 
Cr ey 


3.4 LINE MONITORING REGISTER : RWLO 
3.5 TRANSMIT FILTER REGISTER : RPTE 


OOO DAMA AMDAD AAW WON9MOAMTAAAA A fLHAW WwW — 


3.6 meCE VE FILTER AREGISTER CRPRE 26 aen2 axe acre eek eat cela Son cthvere aha tte ee 
3.7 DETECTION LEVEL AND HYSTERESIS REGISTER: RHCD ................... 
3.8 RECEIVE: CHANNEL REGISTER SAPRX 2eeuc2 See cbeer sie dene oe bales san oeeas 
4 THE 4/2 WIRE CONVERSION : THE HYBRID ............................... 
5 HE. D:TV.LE. DIALING .ax.d coocu Se Wee Bares oe oA A ent AS eb Sebo 
6 RING DETECTION, cc oie ictng- acto ate bre eee Ate dl dh alee ale aie dee ton dela date Gets ated 
7 TONE TRANSMISSION AND DETECTION............00.000.0.0.0......000005 
7.1 Z100HZ TRANSMISSION 43.4.4 c0N ours ba dae S sob ete eee oe oR ud Save ata 
7.2 ZOOM ZIDE TEC ON Cs soils Sha ce eas Wena iy tat cl arto. cn det fuente aoe ce Ge geared 
ree LOW FREQUENCY TONE DETECTION: sce ase ewes he ewe ool yd wks owls 
8 LINE MONITORING 6s oe ow teaches tenet tee eh ea ots PRO Saw al eed as 
9 OTHER FEATURES voi 5 cattle tase ii Os veut oad broker Baas 
10 CONCLUSION 055 he cuaoheriiae onda oe e Beas eho ea ao dee canen oa eons 
1 - INTRODUCTION - Tone detection (ring, dialing, ...) 

The TS7514 is a single chip F.S.K. voiceband = PROGRAMMABLE FUNCTIONS : 
modem offering a real low cost powerful solution —_-_Transmit/receive levels, 

for all C.C.1.T.T. V.23 recommended standard ap- _—_- Receive filter gain, 

plications. - Hysteresis and detection levels, 
Indeed, TS7514 integrates many possibilities and : a ileal level, 989L) level 
functionalities by requiring only very few external —~ &!9Nalling frequency ( z) leve 
components. ADDITIONAL FEATURES : 

Its Block Diagram is shown Figure 1. - Integrated duplexer, 


- Auxiliary analog signal transmission (voiceband), 


The 157514 main features are : - Automatic bias distortion adjustment, 


PROGRAMMABLE MODES : - Tax rejection filter (12 and 16kHz), 
- MODEM 75/1200 or 1200/75 bps - Fixed compromise equalization, 
(full duplex on 2 wire line), - Standard low cost crystal (3.579MHz), 
- MODEM 75/75 or 1200/1200 bps - C.M.O.S. technology, 
(full duplex on 4 wire line), - Less than 100mW power dissipation, 
- D.T.M.F. dialing, - + 5V supplies, 
- Analog test loop, - 24 pin package. 
AN349/0695 1/9 
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TS7514 APPLICATION NOTE 


This Application Note describes some of the TS7514 most important features detailed before from a typical 
and simplified application scheme shown Figure 2 (more information are given in the following sheets). 


Figure 2 : Typical Application Information 
+5V 
1 410nF 


‘1 
i 


External 
Signal 


rT 


_ |_| MOD/DTMF 
{| ENP 


| | pcb 


ZCO 
XTAL OUT XTALIN 


| 3 579MHz 
C) 


(LS04) 


(*) Regulation Required in France Only 


2 - PROGRAMMABLE MODE 
2.1 - With What to Program ? 


The TS7514 contains 8 control registers. 
The programming used is serial where data input 
is TxD or PRD and clock input RTS. 


From now, it is important to point out that during 
programming, the RTS (Request To Send) signal 
and the TxD (Transmit Data) signal to be transmit- 
ted from the local terminal over the telephone line 
are internally safeguarded in order to not modify 
the transmission. 
- By using TxD either to program or transmit data, 
only one signal has to be managed. In this case, 
you must take in care to program the TS7514 out 


it 
soonr| 7 |100nF 
a wa ll ae lee 


V+ GNDDGNDA V- 


- lil) 
RAI1 | | ; 


CTP 1202 
(670 90003) | YW TRISIL 
S CTPA 270A 18) 


To 
Loudspeaker 
Amplifier 


of the transitions between two successive data 
bits and during a maximum duration equal to a 
"bit time" (833.3usec. in 1200 bps) to avoid trans- 
mission errors. 

- By using PRD to program the TS7514 allows to 
use TxD only for data to be transmitted and avoids 
the preceeding cautions but requires the man- 
agement of these two signals. 


The choice will depend on the application (micro- 
controller used, number of I/O ports, ..) 


TxD is selected by ENP = "0"; PRD by ENP = "1". 
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2.2 - How to Program ? 


The programming is indirect via an 8 bit shift regis- 
ter, called input register, least significant bits first. 


The 4 M.S.B.’s of the input register are the address 
of the control register to program ; the 4 L.S.B.’s 
the data. 


The _input register is selected by MOD/DTMF = 
MC/BC = "0". 


Then, RTS (Request To Send) and TxD (Transmit 
Data) signals are internally safeguarded and_the 
corresponding pins must be used as clock (RTS) 
and data to be programmed (TxD). 


The RTS clock, active on the falling edge, shifts the 
programming data available on TxD or PRD. 


2.3 - Timing Diagrams 


Figure 3 : Programming without Transmission 


Figure 4 : Programming during Transmission 


Figure 5 : DIMF Programming and Transmission 
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The transfer of programming data to the control 
register previously addressed is made by rising 
MOD/DTMF or MC/BC. 

From now, the RTS signal comes back to its pre- 
vious functioning mode : Request To Send. 


There are 2 cases of end of programming : 

- At the end of programming of all the control 
registers, excepted RDTMF, MOD/DTMF rises to 
"1" while MC/BC indicates the channels used for 
transmission before programming ("O" for low 
channel transmission, "1" for high channel trans- 
mission). 

- At the end_of programming of RDTMEF register 
only, MC/BC rises to "1" while MOD/DTMF and 
RTS are "0" during all the time of D.T.M.F. signal 
programmed transmission. 
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3 - THE TS7514 REGISTERS 


TS7514 APPLICATION NOTE 


We are going to describe now the most important points to know about these eight control registers. 
Note: In the following, all the bits described are the data bits of the control registers (X = don’t care). For additional informations on these 


registers, refer to the TS7514 corresponding data sheet. 


3.1 - Mode Register : RPROG 


This control register allows to choose the function- 
ing mode of the TS7514 : either two different or the 
same channels for transmit and receive. 


The most used mode (power-up initialization) is the 
receive channel programmed in the opposite way 
to the transmit channel controlled by MC/BC pin. In 
this case, bits 2 and 3 must be programmed to "0". 


If bit 3 is programmed to "0" while bit 2 is pro- 
grammed to "1", then transmit and receive chan- 
nels are the same (high channel if MC/BC is "1", 
low channel if MC/BC is "0"). 


This last mode can be used for the full duplex on 4 
wire line modem functioning or for the test with an 
external analog loop between transmit and receive 
sections (this last mode is not a loop 3 (see RPRF 
register)). 


3.2 - D.T.M.F. Register : RDTMF 


This control register allows the D.T.M.F. dialing 
from the TS7514. 


Bits O and 1 program the 4 low frequencies of the 
D.T.M.F. signal, bits 2 and 3 the 4 high frequencies. 


This register is not initialized at the power-up. 


The following table give the correspondance be- 
tween the digit to be dialed and the data to be 


programmed. 
nee (Hz) 


D1 
pele fete te te | Low | High | 
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3.3 - Transmit Attenuation Register : RATTE 


This control register allows to program a transmit 

attenuation from 0 (0000) to 13dB (1101), with 1dB 

step. 

With such values, the analog transmit output level 

on ATO pin varies from + 4 (0000) to — 9dBm 

(1101). 

Two programming values (1110 and 1111) allows 

an infinite attenuation. 

Such attenuation is automatically programmed at 

the power-up initialization. So, a different attenu- 

ation will have to be programmed to transmit 

data (typically OdBm (0100) on ATO pin). 

3.4 - Line Monitoring Register : RWLO 

This control register allows : 

- to monitor the transmit signal from — 10 (0000) to 
— 40dB (0011) with 10dB step, 

- to monitor the receive signal from O (0100) to 
— 30dB (0111) with 10dB step, 

- to send a square wave signalling frequency 
(2982Hz) with a level comprised between — 4 
(1000) and —-34dBm (10711). 


This register is initialized to 11XX (neither monitor- 
ing nor signalling transmission) at the power-up. 


If a receive signal monitoring is programmed, it is 
possible to monitor also simultaneously the trans- 
mit signal on account of the non infinite rejection 
ratio of the hybrid (typically 20dB) and thanks to the 
TS7514 internal architecture (see Figure 1), the 
receive signal monitoring being implemented be- 
fore the receive filter. 


3.5 - Transmit Filter Register : RPTF 


This control register allows to transmit on ATO pin 
one of the following signals : 
- normal (power-up initialization) modem or 
D.T.M.F. signals (0000), 
- external voiceband analog signal through : 
- smoothing filter and attenuator (0001), 
- low-pass filter and attenuator (0010), 
- band-pass filter and attenuator (0011), 
- low frequency only (0100) in D.T.M.F. mode, 
- high frequency only (1000) in D.T.M.F. mode. 
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3.6 - Receive Filter Register : RPRF 


This control register allows to program different 

configurations for the receive filter : 

- receive filter gain of O (XX00), 6 (XX01) or 12dB 
(XX10), 

- receive channel looped back on the transmit 
channel with a — 35dBm level and a OdB gain 
(XX11) for analog test loop (loop 3), 

- receive filter bypassed (X1XX) or not (XOXX), 

- external connection (1XXX) via a 2.2uF non-po- 
larized capacitor between RFO and RDI pins. 


The external connection (bit 3 programmed to "1") 
with the capacitor is the most used mode to connect 
the receive filter output to the demodulator input. 


Nevertheless, if an internal connection is used, bit3 
has to be programmed to "0" and external capacitor 
and connection between RFO and RDI pins have 
to be suppressed. 


This register is initialized to X001 (receive filter 
enabled with 6dB gain) at the power-up. 


3.7 - Detection Level and Hysteresis 
Register : RHCD 


This register allows to control : 

- the loss carrier detection level between — 41 
(X000) and — 27dBm (X111) with 2dB step, 

- the hysteresis between carrier detect on and off 
: 2.5 (OXXX) or 3.25 (1XXX) dB. 


Be careful that the loss carrier detection level value 
(N2) is given related to the demodulator input 
(RDI). The on-line loss carrier detection level (NL) 
is obtained by substracting from N2 the receive 
filter and the hybrid gain values. 


In consequence, the on-line detection level is ob- 
tained by adding to NL the hysteresis value. 


This register is initialized to 0000 (— 41dBm for loss 
carrier detection level with a 2.5dB hysteresis) at 
the power-up. 


3.8 - Receive Channel Register : RPRX 


This control register allows to program different 

configurations for the receive channel : 

- to use a wide (for data and tone detection) (XXOX) 
Or a narrow (for data only) (XX1X) band filter for 
the receive low channel, 

- to suppress (XXX1) or not (XXX0O) the carrier 
detection delays for a "fast" carrier detection 
(DCD digital signal following the receive carrier 
signal level variations). 


This register is initialized to XXOO (wide band filter 
and carrier detection delays) at the power-up. 
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4 - THE 4/2 WIRE CONVERSION : THE HYBRID 


The TS7514 integrates two operational amplifiers. 
So, the hybrid implementation consists of selecting 
only 5 resistors in order to obtain the best adapta- 
tion and rejection possible. 

With 5 % resistors and a transformer 6000/6002 
respecting the local agreement conditions, the hy- 
brid so designed offers an ATO/RAO2 rejection ratio 
upper than 20 cB. 


Figure 6 


5 - THE D.T.M.F. DIALING 

To dial a digit (0,..., 9, A, B, C, D,*,#) in D.T.M.F. 
consists of programming the RDTMF control regis- 
ter like an other register_but leaving, at the end of 
programming, the MOD/DTMF and RTS signals to 
"0" during all the time desired (in practise, the time 
of pressing key on a dialer). 


No external component is required for this dialing. 


6 - RING DETECTION 


Thanks to ZCO output, it is possible to obtain ina 
digital way the analog zero crossing signal avail- 
able on the RAOQ2 pin of the TS7514. Then, by not 
totally insulating the modem from the telephone 
line (L1, L2) and bypassing the receive filter, ZCO 
can deliver the digital form of the ringing signal that 
may be then processed by the microcontroller. 
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With the scheme given Figure 7, we avoid to use 
opto-coupler and other external associated compo- 
nents to detect ring, the only external components 
required being a resistor and a capacitor. 


When the modem is connected to the telephone 


line (L1, L2), the componenis are bypassed (see. 


relay) and the telephone set (TPH1, TPH2) discon- 
nected. 


The ringing signal (50Hz alternative voltage super- 
Figure 7 
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Figure 8 
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imposed to the 50V telephone line voltage), is so 
attenuated by the resistor but the level is sufficient 
to be detected by the TS7514. 


Do not forget during the detection to bypass the 
receive filter in the RPRF register (bit 2 pro- 
grammed to "1"). 


So programmed, the TS7514 output on ZCO pina 
50Hz digital signal and on DCD pin the ring "en- 
veloppe" (Figure 8). 
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7 - ONE TRANSMISSION AND DETECTION 
7.1 - 2100Hz Transmission (Figure 9) 


To send the 2100Hz answer tone over the tele- 
phone line, the TS7514 must be programmed as 
follows : 

- MOD/DTMF = "1" (modem), 

- MC/BC = "1" (main channel), 

- TxD = "0" (2100 Hz), 

- RTS = "0" (transmission). 


7.2 - 2100Hz Detection (Figure 10) 

To detect the 2100Hz answer tone sended by the 
far-end modem, the TS7514 must be programmed 
as follows : 

- RTS = "1" (no transmission), 


Figure 9 


Figure 10 


ae — ee 
MOD/DTMF / \ 

MC/BC / \ 

TxD \ / 


- MOD/DTMF = "0" (tone detection), 
- MC/BC = "0" (back channel). 


So programmed, the TS7514 detects the 2100Hz 
answer tone on line if DCD = "0" (carrier detection) 
and RxD = "0" (2100HZ). 


7.3 - Low Frequency Tone Detection (Figure 71) 


To detect low frequency tones (typically the 440Hz 
dialing tone in France) ; the TS7514 must be pro- 
grammed as follows : 

- RTS = "1" (no transmission), 

- MOD/DTMF = "0" (tone detection), 

- MC/BC = "1" (main channel), 


Then, such tones are present on line if DCD = "0" 
(carrier detection). 


RTS / \ 
MOD/DTMF \ / 
MC/BC \ / 
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RxD \ / 
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Figure 11 
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Note : In this mode, the RPRX register 1s automatically programmed to wide band filter for the receive low channel. 
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8 - LINE MONITORING 


To monitor the different signals present on the 
telephone line, Figures 12 and 13 give two typical 
loud-speaker amplifier application schemes. 


Thanks to RWLO monitoring level programming 
register, no external potentiometer is required to 
adjust the volume. 


Figure 12 
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9 - OTHER FEATURES 


e by ATxl, it is possible to send a voiceband signal 
over the telephone line, 


e the XtalOUT may be used to implement via a 
buffer, the external clock of the microcontroller, 


e the lay-out implementation must be as clean as 
possible in order to obtain the best electrical 
performances : 

- separation between analog and digital parts 
and tracks of the board, 

- analog and digital grounds separated and con- 
nected in a single point, 

- a ground plane for the component side, 

- a Star distributed power supplies (idem for 
ground) to avoid any possible loop, 

- a maximum capacitive uncoupling as close as 
possible to the device, 

- aconnection as short as possible between RFO 
and RDI via the external capacitor. 


10 - CONCLUSION 


We just saw, with this application note, the different 
functions and internal possibilities included in the 
TS7514 among which D.T.M.F. dialing, integrated 
duplexer, tone and ring detection and transmit and 
receive channel programmings are the most inte- 
resting. 

For these features and all the others, only about 20 
external passive components (resistors, capaci- 
tors, ...) are required (out of microcontroller inter- 
face) to implement a complete V.23 modem. 


The TS7514 is a real low cost and powerful solution 
for all C.C.I.T.T. V.23 recommended standard ap- 
plications. 
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POWER LINE MODEM 


= HALF DUPLEX SYNCHRONOUS 
FSK MODEM 
* Two programmable channels for 600bps data 
rate 
* Two programmable channels for 1200bps 
data rate 
= AUTOMATICALLY TUNED 
Rx AND Tx FILTERS 
=» TX CARRIER FREQUENCIES SYNTHESIZED 
FROM EXTERNAL CRYSTAL 
LOW DISTORTION Tx SIGNAL (S/H2 = 50dB) 
AUTOMATIC LEVEL CONTROL 


ON Tx SIGNAL 
e Rx SENSITIVITY : 2mVrams  (600bps) 
3mVrms (1200bps) PLCC28 
=» Rx CLOCK RECOVERY (Plastic Package) 


POWER-DOWN MODE 

SUITABLE TO APPLICATION IN ACCORD- 
ANCE WITH DH028/29 ENEL, EN50065-1 
CENELEC AND FCC SPECIFICATIONS 


ORDER CODE : ST7536CFN 


PIN CONNECTIONS 


DESCRIPTION 
The ST7536 is a half duplex synchronous FSK TEST 1 | | 10 
MODEM designed for power line communication TEST 2 |} 11 


network applications. 


It operates from a dual power supply +5V and -5V, 
and requires an external interface for the coupling 
to the power line. It offers two programmable data 
rate with two programmable channels each. 
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PIN DESCRIPTION 


rae 
Digital | Rx or Tx mode selection input 

| 2 | Digital | Logic reset and power-down mode input. Active when low. 

| 3 | Digital | Test input which selects the Tx band-pass filter input (TxFl) when high 


TESTS 4 Digital | Test input which gives an access to the clock recovery input stage. This input is 
selected when TEST1 is high 
RxD 5 


| RxD | 5 | Digital | Synchronous receive data output 
| Digital Rx or Tx clock according to the functional mode 
RxDEM 7 Digital | Demodulated data output 


DGND Supply | Digital ground 
DVDD Supply | Digital positive supply voltage :5V +5% 


TEST4 10 Digital | Test input which cancels the Tx to Rx mode automatic switching and validates 
TESTS input. Active when high 

TEST2 11 Test input which reduces the Tx to Rx mode automatic switching time. Active 
when high. 


12 Digital | Transmit data input 
XTAL2 13 Crystal oscillator output 
XTAL1 14 Digital | Crystal oscillator input 

1 
1 


5 Digital | Channel selection input 
| Digital Baud rate selection input 
O 


a 
(ep) 


AFCF 7 Automatic frequency control output for connecting compensation network. 
8 Supply | Digital negative supply voltage : -5V + 5% 


| 
r 
20 
2 
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BLOCK DIAGRAM 


RxFO 


Tile EL BAND-PASS 
S.C. FILTER 


AA i 
SMT j 


cae 
cae 


TX BAND-PASS 
S.C. FILTER 


AA. FILTER 


CLOCK 
RECOVERY 


TRANSMIT SECTION 


The transmit mode is set when Rx/Tx = 0, if Rx/Tx 
is held at 0 longer than 3 seconds, then the device 
switches automatically in the Rx mode._A new 
activation of the Tx mode requires Rx/Tx to be 
returned to 1 for a minimum 2 microsecond period 
before being set to 0. 


The Transmit Data (TxD) is sampled on a positive 
edge of CLR/T which delivers the transmit bit clock 
when the transmit mode is selected. This data 
enters a FSK modulator whose two basic frequen- 
cies are selected by the Baud Rate Selection pin 
(BRS) and the Channel Selection pin (CHS) ac- 
cording to the Table 1. 


Figure 1 : Tx Data Input Timing 
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TIME BASE AND 
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Table1 


one [ove [Sage [RRS 
ea eae 1 - TxD=0 

| -81.75-82.35 | .75 - 82.35 

See mame SS oe 

ede OS 1200 a 7e6 


These frequencies are synthesized from a 
11.0592MHz crystal oscillator ; their precision is the 
same as the crystal one’s (100 ppm). 


The modulated signal coming out of the FSK modu- 
lator is filtered by a switched-capacitor band-pass 
filter (Tx band-pass) in order to limit the output 
spectrum and to reduce the level of harmonic com- 
ponents. 


The output stage of the Tx path consists of an 
Automatic Level Control (ALC) system which keeps 
the output signal (ATO) amplitude independant of 
the line impedance variations. This ALC is a vari- 
able gain system (with 32 discrete values) control- 
led by an analog feed-back signal ALCI (see 
Figure 2). 
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Figure 2 : Automatic Level Control Timing Chart 
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ALC CLOCK 


The ALC gain range is OdB to -26dB and gain 
change is clocked at 7200Hz. Gain steps are of 
magnitude 0.84aB typically. 


A period of this clock is decomposed into a 34.7us 

gain settling latency and a 104.2us peak detecting 

time. The gain change is related to the result of a 

peak detection obtained by making a direct com- 

parison of ALCI maximum value (during detecting 

time) with two threshold voltages Vri and Vte (See 

Figure 2). 

- max (VALClI)< VTi - The next gain is increased 
by 0.84dB 

- VTi < max (VALCI)< Vte2 - No gain change 

- Vt2 < max (VALCI) - The next gain is decreased 
by 0.84cB. 


RECEIVE SECTION 
The receive section is active when Rx/Tx = 1. 


The baud rate and channel selection is also made 
according to Table 1. 


The Rx signal is applied on RAI with a common 
mode voltage of 0 volt and filtered by a band-pass 
switched capacitor filter (Rx band-pass) centered 
on the received carrier frequency and whose band- 
width is around 6 kHz. The input voltage range on 
RAI is 2mVrwus - 2VRms. 

The Rx filter output is amplified by a 20dB gain 
stage which provides symmetrical limitations for 
large voltage. The resulting signal is down-con- 


verted by a mixer which receives a local oscillator 
synthesized by the FSK modulator block. Finally an 
intermediate frequency band-pass filter (IF band- 
pass) whose central frequency is 2.7kKHz when 
BRS = 0 and 5.4kHz when BRS = 1 improves the 
signal to noise ratio before entering the FSK de- 
modulator. The coupling of the intermediate fre- 
quency filter output (IFO) to the FSK demodulator 
input (DEMI) is made by an external capacitor C5 
(1uF 10%, 10V) which cancels the Rx path offset 
voltage. 


A clock recovery circuit extracts the receive clock 
(CLR/T) from the demodulated output (RxDEM) 
and delivers synchronous data (RxD) on the posi- 
tive edge of CLR/T. 


Figure 3 : Rx Data Output Timing 
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ADDITIONAL DIGITAL AND ANALOG FUNC- 
TIONS 


A reset intput (RESET) initializes the device. 


When RESET = 0, the device is in power-down 
mode _ and all the internal logic is reset. When 
RESET = 1, the device is active. 
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A time base section delivers all the internal clocks follow : when Rx/Tx = 0 the circuit is transmitting 
from a crystal oscillator (11.0592MHz). The crystal continuously, when Rx/Tx = 1 the clock recovery 
is connected between XTAL1 and XTAL2 pins and block is disconnected from the FSK demodulator 
needs two external capacitors C3 and C4 depend- for testing purpose, in this configuration TEST 3 
ing on the crystal characteristic typically is the data input of the clock recovery block, 
22pF +10% for proper operation. It is also possible RXDEM follow TESTS3 and -RxD delivers the 
to provide directly the clock on pin XTAL1 ; in this resynchronized data. 


case C3 and C4 should be removed. 


An Automatic Frequency Control (AFC) Section POWER SUPPLIES WIRING AND DECOUPLING 
adjusts the central frequency of Rx and Tx band- PRECAUTIONS 


pass filter to the carrier central frequency. The 7 

stability of the AFC loop is ensured by an external = The ST7536 has two positive power supply pins, 
compensation network C1 (470nF 10%, 10V),C2 two negative power supply pins and two ground 
(47nF +10%, 10V) and R14 (1.5kQ +5%) connected pins in order to separate internal analog and digital 


to pin AFCF. supplies. The analog and digital terminals of each 
: supply pair must be connected together externally 
Figure 4 : Automatic Frequency Loop Filter and require special routing precautions in order to 


get the best receive sensitivity performances. The 
three major routing requirements are : 

- The ground impedance should be as low as 
possible, for this purpose the AGND an DGND 
terminals can be connected via a local plane. 
The positive and negative power supplies (AVpp, 
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DVpp, AVss, DVss) should be star-connected, 
TESTING FEATURES avoiding common current path for the digital and 
- Anadditionnal amplifier allows the observation of analog power supplies terminals. 
the Rx band-pass filter output on pin RxFO. - Five decoupling capacitors located as close as 
- Adirect input to the Tx band-pass filter (TxFI) is possible to the power supply terminals should be 
available and selected when TEST4 = 1. used. Two 2.2uF tantalum and two 100nF ce- 
- The 3 second normal duration of the Tx to Rx ramic capacitors perform the main decoupling 
mode automatic switching is reduced to 1.48ms function in the vicinity of the analog power sup- 
when TEST2 = 1. plies anda 100nF ceramic capacitor in the vicinity 
- When TEST1 = 1 the Tx to Rx mode automatic of the positive digital power supply is used to 
switching is desactivated and the functional reduce the high frequency perturbations gener- 
mode of the circuit is controlled by Rx/Tx as ated by the logic part of the circuit. 


ABSOLUTE MAXIMUM RATINGS 


Symbol [|  —sCParameter CLC ate =~ nt 
AVop/DVon _| Positive Supply Voltage (1) 


Digital Input Voltage DGND-0.3, DVpp+0.3 V 
Digital Output Voltage DGND-0.3, DVpp+0.3 
Digital Output Current 


Analog Input Voltage AVss-0.3, AVpp+0.3 
Analog Output Voltage AVss-0.3, AVpp+0.3 
Po Power Dissipation 


Toper Operating Temperature 
Storage Temperature 


Notes: 1. The voltages are referenced to AGND and DGND. 
2. Latch-up problems can be overcome with 2 reverse biased schottky diodes connected respectively between A/DVpp & A/DGND 
and A/DVss & A/DGND. 
3. Absolute maximum ratings are values beyond which damage to device may occur. Functional operation under these conditions 
is not implied 
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GENERAL ELECTRICAL CHARACTERISTICS 
The test conditions are A/DVpp = +5V, A/DVss = -5V, A/DGND = OV, 
Tamb = -10 to 70°C unless otherwise specified 
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TRANSMITTER ELECTRICAL CHARACTERISTICS 
The test conditions are A/DVpp = +5V, A/DGND = OV, A/DVss = -5SV, 
Tamb = -10 to +70°C unless othewise specified 


Max Carrier Output AC Voltage Ri = 2kQ, Vatci < VTi 
Second Harmonic Distortion Ri = 2kQ, Vator < Vri ie a 0.32 % 
FD 


FSK Peak-to-peak Deviation BRS = 0 
BRS = 1 
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TRxTx | Carrier Activation Time After Rx/Tx 1 — 0 transition 


[i eee eee | 
32 gain steps 

PDANG [ALG DynamioRange SCY SSC~«dC 

[vit | ALCLowThreshoid Votage | SSCS~*~diCTS 

[vie [ALGHigh ThreshoidVolage | 
[ast [AlcGansp CTS SSCSC“‘~‘“~*~S 


PSRR1 | Power supply rejection ratio on ATO (1) 
PSRR2 


Note 1 : This characteristic is guaranteed by correlation. 


Vin = 200MVpp, fin = 50Hz 
on Vpp or Vss 
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RECEIVER ELECTRICAL CHARACTERISTICS 
The test conditions are A/DVpp = +5V, A/DGND = OV, A/DVss = -5V, 
Tamb = -10 to +70°C unless othewise specified 


[Symbor[Parameter—_—+|[ _TestConditions | Win | Typ |Max| Unit | 
T Vn [Maximuminput Signal | SCSC—“—~“s~“s=“<~S~sSti‘iSC‘ 

[Rin [input impedance ——S~YSSSC“‘“‘“*S*~‘“‘*~*~*~rAOYSOC‘“dSC‘(;SCA 
RCI [Recovered Clock iter | Pereentage ofthe nominal cicck | -5 | [45 | % 


PSRR1 | Power supply rejection ratio Vin = 200mVep, fin = 50Hz 35 dB 
PSRR2 | on RxFO (1) on Vpp or Vss 10 dB 
Rx sensitivity (1) Typical measured BER < 10° mVams 
VINo BRS =0 2 
Vina BRS = 1 3 
(1) 


Bit error rate at minimum Rx White Noise, S/N = 15dB 


BER1 | signal RAI = 2mVams, BRS = 0 2.10°| 10° 
2 


RA! = 3mVams, BRS = 1 3-107} 10° 


BER 

BER3 | Bit error rate at maximum Rx RAI = 2Vams, White Noise 10” | 10° 
signal (1) S/N = 25dB 

BER4 | Bit error rate at medium Rx RAI= 0.6Vams, S/N= 15dB 107 | 10" 
signal (1) 

BERS5 | Bit error rate with impulsive RAI = 90mVrms, N = 5Vpp pulse wave, 10° 
noise (1) f = 100Hz, duty cycle = 10% 


Bit error rate with modulated S+ Ns < 0.2Vrms, Ns = sine carrier 
sinusoidal noise Ns (1) with 80% AM modul., fm = 1kHz, 
See Figure 5 

Smin = 2MVrms, BRS = 0 
Smin = 3mVrams, BRS = 1 


Note 1 : This characteristic is guaranteed by correlation 


Figure 5 : S/N Mask for 80% AM Sine Noise 
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B = 20kHz at 600 Bit/s (BRS = 0) fc : Central Carrier Frequency 
B = 40kHz at 1200 Bit/s -BRS = 1) 
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FILTER TEMPLATES 
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ITT 365 THOMSON ST7537 


HOME AUTOMATION MODEM 


= HALF DUPLEX ASYNCHRONOUS 1200bps 
FSK MODEM 

=" Tx CARRIER FREQUENCY SYNTHESIZED 
FROM EXTERNAL CRYSTAL 

=» LOW DISTORTION Tx SIGNAL 

=» Rx SENSITIVITY BETTER THAN 1mVrms 

# CARRIER DETECTION 

= WATCH-DOG INPUT 

™ RESET AND MASTER CLOCK OUTPUTS 
FOR MICROCONTROLLER 

= POWER AMPLIFIER BIAS CURRENT CON- 
TROL (HIGH IMPEDANCE IN Rx MODE) 


= SIMPLE AND ECONOMICAL APPLICATION PLCC28 
SCHEMATICS (Plastic Chip Carrier) 

» COMPATIBLE WITH CENELEC EN 50065-1 
AND FCC SPECIFICATION ORDER CODE: S1/53/ 


=» CARRIER DETECT CLAMPING ON RxD 
PROGRAMMABLE (ALLOWING DEMODULA- 
TION ON VERY LOW RECEIVE LEVEL, 
imVams TYPICALLY) 


PIN CONNECTIONS 


DESCRIPTION 


The ST7537 is a half duplex asynchronous FSK 
MODEM designed for home automation communi- 
cation on the domestic electric mains which com- 
plies with the EN 50065-1 CENELEC standard. 


It mainly operates from a 10V power supply and a 
5V power supply for the microcontroller digital in- 
terface. 


It is interfaced to the power line by an external 
driver, and a transformer (see Application Sche- 
matic Diagram). Its data transmission rate is 
1200 bps and its carrier frequency is 132.45kHz. 
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PIN DESCRIPTION 


Pt | Analog | Common Mode Voltage 
| AVop | 2 | Supply Analog Power Supply: 10V +5 % 


| 6 | Analog | Power Amplifier Feed-back Input 

ATO 

| 8 | Digital (10V) | Power Amplifier Bias Current Control Complementary Output 

PPaBc | 9 | Digital (10v) | Power Amplifier Bias Current Control Output 

rtesta | 13 | Digital | UndelayedReset Input SSCSC~“~*‘“~*~‘“~*~* 
Digital Power Supply : 10V +5% 

[tx | 22 | Digital | TransmitDataimput—SSC—~—SCSC*Y 

| RxD | 23 | Digital | ReceiveDataQutput 

IFO 

Analog Ground : OV 
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BLOCK DIAGRAM 


OUTPUT 
AMPLIFIER 


TEST LOGIC 


TEST1 TEST2 TEST3 TEST4 


TRANSMIT SECTION 


The transmit mode is set when Rx/Tx = 0, if Rx/Tx 
is held at 0 longer than 1 second, then the device 
switches automatically in the Rx mode._A new 
activation of the Tx mode requires Rx/Tx to be 
returned to 1 for a minimum 2 microsecond period 
before being set to 0. 


The Transmit Data (TxD) enter asynchronously the 
FSK modulator with a nominal intra-message data 
rate of 1200 bps. 


The basic transmit frequencies are : 
- f(TxD=0) = 133.05kHz 
- {(TxD=1) = 131.85kHz 


These frequencies are synthesized from a 
11.0592MHz crystal oscillator; their precision is the 
same as the crystal one’s (100ppm). 

The modulated signal coming out of the FSK modu- 
lator is filtered by a switched-capacitor band-pass 
filter (Tx band-pass) in order to limit the output 
spectrum and to reduce the level of harmonic com- 
ponents. 

The final stage of the Tx path consists of an opera- 
tional amplifier which needs a feed-back signal 
(PAFB) from the power amplifier’as shown on 
Application Schematic Diagram. 

In Tx mode the Receive Data (RxD) signal is set 
to 1. 


$T7537 
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RESET LOGIC 
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RECEIVE SECTION 


The receive section is active when Rx/Tx = 1. 


The Rx signal is applied on RAI and filtered by a 
band-pass switched capacitor filter (Rx band-pass) 
centered on the carrier frequency and whose band- 
width is around 12kHz. 


The Rx filter output is amplified by a 20dB gain 
stage which provides symetrical limitations for 
large voltage. 


The resulting signal is down-converted by a mixer 
which receives a local oscillator synthesized by the 
FSK modulator block. Finally an intermediate fre- 
quency band-pass filter (IF band-pass) whose cen- 
tral frequency is 5.4kKHz improves the signal to 
noise ratio before entering the FSK demodulator. 


The coupling of the intermediate frequency filter 
output (IFO) to the FSK demodulator input (DEMI) 
is made by an external capacitor C5 (100nF +10%, 
10V) which cancels the Rx path offset voltage. 


The RxD output delivers the demodulated signal if 
the carrier detect (CD) signal is low and is set to 
high level when CD = 1. 


The RxD output can delivers the demodulated 
signal whatever the level of CD (0 or 1) if Rx/Tx = 1 
and TxD = 0 (see Figure 1). 
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Figure 1 : Data Timing Chart 


ADDITIONAL DIGITAL AND ANALOG FUNC- 
TIONS 
Time base 


A time base section delivers all the internal clocks 
from a Crystal oscillator (11.0592MHz). The crystal 
is connected between XTAL1 and XTAL2 pins and 
needs two external capacitors C3 and C4 (22pF 
+10%, 10V) for proper operation. 


Reset and watch-dog 


The reset output (RSTO) is driven high when the 
supply voltage is lower than Vrh (typically 7.6V) with 
an hysteresis Vrh-Vrl (typically 300mV) or when no 
negative transition occurs on the watch-dog input 
(WD) for more than 1.5 second (see the timing 
chart on Figure 2). When a reset occurs RSTO is 
held high for at least 50ms. 


Signal detection 


The Carrier Detect output (CD) is driven low when 
the input signal amplitude on RAI is greater than 
Voep for at least Tcp (typically 6ms see the timing 
chart on Figure 3). When the input_signal desap- 
pears or becomes lower than Vcp, CD is held low 
for at least Tcd before returning to a high level. Vcp 
is the carrier detection threshold voltage which is 
set internally to detect 5mVrwms typically. 


External power amplifier bias control 


Two dedicated digital output (PABC and PABC) 
delivering a signal between OV and 10V are driven 
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low respectively high, when the circuit is set in the 
receive mode (Rx/Tx=1) or when the transmit mode 
time out (1 second) is exceeded; in the same time 
the output ATO is put in a high impedance state. 


TESTING FEATURES 


- An additionnal amplifier allows the observation of 
the Rx band-pass filter output on pin RxFO. 

- Adirect input to the Tx band-pass filter and to the 
IF filter (TxIFl) is selected when TESTS = 1. 

- The 1 second normal duration of the Tx to Rx 
mode automatic switching is reduced to 488us 
and the 1.5 second watch-dog time out is reduced 
to 46.3us when TEST2 = 1. 

- When TEST1 = 1 the Tx to Rx mode automatic 
switching is desactivated and the functional mode 
of the circuit is fully controlled by Rx/Tx. 

- TEST4 is a reset input which allows an undelayed 
control of RSTO and of the internal state of the 
Circuit. 


POWER SUPPLIES WIRING PRECAUTIONS 


The ST7537 has two positive power supply termi- 
nals (AVpp,DVpp) and two ground terminals 
(AVss,DVss) in order to separate internal analog 
and digital supplies. The analog and digital termi- 
nals of each supply pair must be connected to- 
gether externally for proper operation. 


The Vpp must be protected against short-circuit for 
proper operation. 
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ABSOLUTE MAXIMUM RATINGS 


a 


Ftp [Digital Output Curent SSCS~SSS Bm 
[to [Analog Output Curent’ ———SSSSSCSC—“~S~“~*~*~—rS Rm 
[Pe [Power Dissipation —S—SCSC~C~S~“<“<S<CS 80 


Notes: 1. The voltages are referenced to AVss and DVss. 


Absolute maximum ratings are values beyond which damage to device may occur. Functional operation under 
these conditions ts not implied. 


GENERAL ELECTRICAL CHARACTERISTICS 
(A/DVpp = 10V, A/DVss = OV, DVcc = 5V and 0°C < Tamb < 70°C, unless otherwise specificied) 


[Symbot [Parameter _—~=«d;SCSestConitions———~(| in | Typ. | Max. | 


AVpp__| Supply Voltage 9.5 10 | 10.5 V 
DVop 

Alpp + | Supply Current 30 mA 
Dipp 


ae [sa8 |v 
Dico | Digital Output Supply Current | —SSSSSCSCSC~—CS~SsSSS Sm 
[Vin | High Level input Votage | Diglalinputs. ~—SC=~“‘*‘“*~‘dt CSS 
[Vu | Low Level input Votage | Digtalinputs —S~S~SC‘“itCSSC*id OB 


VoH High Level Output Voltage lon = -100HA 
@ Digital Outputs 4.9 
e Digital Outputs PABC and PABC 9.8 
VoL Low Level Output Voltage lo. = 100A 
@ Digital Outputs eee rens 0.1 V 
® Digital Outputs PABC and PABC 0.2 V 


Duty Cycle MCLK Output, CL = 15pF 


TRANSMITTER ELECTRICAL CHARACTERISTICS 
(A/DVpp = 10V, A/DVss = OV, DVcc = 5V and 0°C < Tamb < 70°C, unless otherwise specificied) 


RY (AVes) = 5,6k0 ee 
fe eel 
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a ear cit R(ATO, PAFB) = 1kQ 
Third Harmonic Distortion 
FSK Peak-to-peak Deviation 
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RECEIVER ELECTRICAL CHARACTERISTICS 
(A/DVpp = 10V, A/DVss = OV, DVcc = 5V and 0°C < Tamb < 70°C, unless otherwise specificied) 


[Symbol [Parameter —=«|~S~SCTestConetions. —~—~«d in. [ Typ. [Max [Unit 
a 
[Vw [ Maximum input Signal Sie ls 
PN 
Terx [ReceveGain ——~=~*~=‘ir eee OC~“‘*‘“*~—SC‘“‘i‘i‘ 

SIN = 150B, S=10rVavs, Niwhte | [10 [ao®[ 
“tocwe | Demodulaton Time [Atemate0,t sequence =| | 


Note 1 : This parameter is guaranteed by correlation 


ADDITIONAL DIGITAL AND ANALOG FUNCTIONS ELECTRICAL CHARACTERISTICS 
(A/DVpp = 10V, A/DVss = OV, DVcc = 5V and 0°C < Tamb < 70°C, unless otherwise specificied) 


al 
a 
: mead 


Watch-dog Time Out See Figure 2 
Carrier Detection Time See Figure 3 


Figure 2 : Reset and Watch-dog Timing Chart 
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FILTER TEMPLATES 
Receive and Transmit Filter Intermediate FrequencyFilter 
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APPLICATION SCHEMATIC INFORMATIONS 


RESISTORS CAPACITORS 


Rt | ten [a a *d CeremicsoSCSCSC—~S~S 
[Re | 220 [| ca | drone | + Paper classxS SSCS 
[raf 220 [| cae | ear | 10% |Ceamciv ——SSC—=~CS~S~S 
[Ra [a20 [| cae) [aap [10% 
[rs | 220 [| cs | to0nF | 10% |Ceramiciov ———SOS=~S~S 
[Re [ten [cs | eenF | 5% | PlastioFim soy SSSSCSC~* 
[Rr [ara [crf tone [Ceramic tov 
Re [na [ce er [OC—SSCS 
Pre [tka | 8% [co | wor | (|Geamciv ——SOSC~S~S 
Tai ana [| eo eae [OOOO 
[_ouctor fori) | t00nF | «di Cemciv SOSC~“*~*~*~*~*~* 
| tou eta Pera y [toon [| ceremictov—SSSCSC~S~S~S 
Gi | 2N2807 


Q5 : 2N2907 
QTZ1 : 11.0592MHz parallel resonance 


> 2N2222 
Notes: 1. These capacitors might not be necessary if the overall power supplies decoupling is sufficient. 
2. The value of these capacitors depends on the crystal parameters 
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APPLICATION SCHEMATIC DIAGRAM 


(psa Fra 
ae 


Vt 


oc 
tu 
= 
O65 
=< 
Ei 
Ze 
Sw 
ob 
( : Cee 
Oo 
= 


DV cc 


AVss DVsgg  XTAL1.— XTAL2 


q Thermal b 
coupling 


7537-06 EPS 


8/8 


AYy, BEBotoNones 


550 


lea: 


HOME AUTOMATION MODEM 


e HALF DUPLEX ASYNCHRONOUS 2400bps 
FSK MODEM 

#® Tx CARRIER FREQUENCY SYNTHESIZED 

FROM EXTERNAL CRYSTAL 

LOW DISTORTION Tx SIGNAL 

Rx SENSITIVITY BETTER THAN 1mVrams 

CARRIER DETECTION 

WATCH-DOG INPUT 

RESET AND MASTER CLOCK OUTPUTS 

FOR MICROCONTROLLER 

& POWER AMPLIFIER BIAS CURRENT CON- 
TROL (HIGH IMPEDANCE IN Rx MODE) 


e SIMPLE AND ECONOMICAL APPLICATION PLCC28 
SCHEMATICS (Plastic Chip Carrier) 
COMPATIBLE WITH CENELEC EN 50065-1 
AND FCC SPECIFICATION OBPER Ore en Coss! 


Be CARRIER DETECT CLAMPING ON RxD 
PROGRAMMABLE (ALLOWING DEMODULA- 
TION ON VERY LOW RECEIVE LEVEL, 
1mVrms TYPICALLY) 


PIN CONNECTIONS 


DESCRIPTION 


The ST7537HS1 is a half duplex asynchronous 
FSK MODEM designed for home automation com- 
munication on the domestic electric mains which 
complies with the EN 50065-1 CENELEC stand- 
ard. 


It mainly operates from a 10V power supply and a 
5V power supply for the microcontroller digital in- 
terface. 


It is interfaced to the power line by an external 
driver, and a transformer (see Application Sche- 
matic Diagram). Its data transmission rate is 
2400 bps and its carrier frequency is 132.45kHz. 
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PIN DESCRIPTION 
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Pin inti 


are 
Supply Analog Power Supply: 10V +5 % 
Analog 
iis 
Analog 
Mets 
Analog 
Digital (10V) 
Dita 
Automatic Mode Switching Time and Watch-dog Time Reduction Control Input 
Digital 
Digital 
Supply 
Supply 


Digital (10V) 
Digital (10V) 
Digital Watch-dog Input 

Digital 
Digital 
Supply 
Analog 
ee 


Supply Analog Ground : OV 
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BLOCK DIAGRAM 


OUTPUT 
AMPLIFIER 


TEST1 TEST2 TESTS TEST4 


TRANSMIT SECTION 


The transmit mode is set when Rx/Tx = 0, if Rx/Tx 
is held at 0 longer than 1 second, then the device 
switches automatically in the Rx mode. A new 
activation of the Tx mode requires Rx/Tx to be 
returned to 1 for a minimum 2 microsecond period 
before being set to 0. 


The Transmit Data (TxD) enter asynchronously the 
FSK modulator with a nominal intra-message data 
rate of 2400 bps. 


The basic transmit frequencies are : 
- f(TxD=0) = 133.05kHz 
- f(TxD=1) = 131.85kHz 


These frequencies are synthesized from a 
11.0592MHz crystal oscillator; their precision is the 
same as the crystal one’s (100ppm). 


The modulated signal coming out of the FSK modu- 
lator is filtered by a switched-capacitor band-pass 
filter (Tx band-pass) in order to limit the output 
spectrum and to reduce the level of harmonic com- 
ponents. 

The final stage of the Tx path consists of an opera- 
tional amplifier which needs a feed-back signal 
(PAFB) from the power amplifier as shown on 
Application Schematic Diagram. 


In Tx mode the Receive Data (RxD) signal is set to 7. 
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AA FILTER 


FSK : 
MODULATOR 


FSK DEMODULATOR 


ST7537HS1- 


RECEIVE SECTION 


The receive section is active when Rx/Tx = 1. 


The Rx signal is applied on RAI and filtered by a 
band-pass switched capacitor filter (Rx band-pass) 
centered on the carrier frequency and whose band- 
width is around 12kHz. 


The Rx filter output is amplified by a 20dB gain 
stage which provides symetrical limitations for 
large voltage. The resulting signal is down-con- 
verted by a mixer which receives a local oscillator 
synthesized by the FSK modulator block. Finally an 
intermediate frequency band-pass filter (IF band- 
pass) whose central frequency is 5.4kKHz improves 
the signal to noise ratio before entering the FSK 
demodulator. 


The coupling of the intermediate frequency filter 
output (IFO) to the FSK demodulator input (DEMI) 
is made by an external capacitor C5 (100nF +10%, 
10V) which cancels the Rx path offset voltage. 


The RxD output delivers the demodulated signal if 
the carrier detect (CD) signal is low and is set to 
high level when CD = 1. 


The RxD output can delivers the demodulated 
signal whatever the level of CD (0 or 1) if Rx/Tx = 1 
and TxD = 0 (see Figure 1). 
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Figure 1 : Data Timing Chart 


ADDITIONAL DIGITAL AND ANALOG FUNC- 
TIONS 
Time base 


A time base section delivers all the internal clocks 
from a crystal oscillator (11.0592MHz). The crystal 
is connected between XTAL1 and XTAL2 pins and 
needs two external capacitors C3 and C4 (22pF 
+10%, 10V) for proper operation. 


Reset and watch-dog 


The reset output (RSTO) is driven high when the 
supply voltage is lower than Vrh (typically 7.6V) with 
an hysteresis Vrh-Vrl (typically 300mV) or when no 
negative transition occurs on the watch-dog input 
(WD) for more than 1.5 second (see the timing 
chart on Figure 2). When a reset occurs RSTO is 
held high for at least 50ms. 


Signal detection 


The Carrier Detect output (CD) is driven low when 
the input signal amplitude on RAI is greater than 
Vocp for at least Tcp (typically 6ms see the timing 
chart on Figure 3). When the input_signal desap- 
pears or becomes lower than Vcp, CD is held low 
for at least Tcd before returning to a high level. Vcp 
is the carrier detection threshold voltage which is 
set internally to detect SmVrms typically. 


External power amplifier bias control 


Two dedicated digital output (PABC and PABC) 
delivering a signal between OV and 10V are driven 
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low respectively high, when the circuit is set in the 
receive mode (Rx/Tx=1) or when the transmit mode 
time out (1 second) is exceeded; in the same time 
the output ATO is put in a high impedance state. 


TESTING FEATURES 


- An additionnal amplifier allows the observation of 
the Rx band-pass filter output on pin RxFO. 

- Adirect input to the Tx band-pass filter and to the 
IF filter (TXIFI) is selected when TESTS = 1. 

- The 1 second normal duration of the Tx to Rx 
mode automatic switching is reduced to 488s 
and the 1.5 second watch-dog time outis reduced 
to 46.3us when TEST2 = 1. 

- When TEST1 = 1 the Tx to Rx mode automatic 
switching is desactivated and the functional mode 
of the circuit is fully controlled by Rx/Tx. 

- TEST4 is a reset input which allows an undelayed 
contro! of RSTO and of the internal state of the 
circuit. 


POWER SUPPLIES WIRING PRECAUTIONS 


The ST7537HS1 has two positive power supply 
terminals (AVpp,DVpp) and two ground terminals 
(AVss,DVss) in order to separate internal analog 
and digital supplies. The analog and digital termi- 
nals of each supply pair must be connected to- 
gether externally for proper operation. 


The Vpp must be protected against short-circuit for 
proper operation. 
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ABSOLUTE MAXIMUM RATINGS 


Symbol 
" 
Vo Digital Output Voltage (PABC and PABC) 
ee oo ET CC Mme Es 
| lo | AnalogOutputCurent Ci S| mA 
| Po ___| PowerDissipation = —“‘CSCS*dLSCC*C‘“(‘(’SCSOONCC‘«dCL:sCmCd 
: 


Notes: 1. The voltages are referenced to AVss and DVss. 
Absolute maximum ratings are values beyond which damage to device may occur. Functional operation under 
these conditions ts not implied. 


GENERAL ELECTRICAL CHARACTERISTICS 
(A/DVpp = 10V, A/DVss = OV, DVcc = 5V and 0°C < Tamb < 70°C, unless otherwise specificied) 


Symbol Test Conditions 


AVpbp Supply Voltage 
DVpp 

Alpp + | Supply Current 
Dipp 


Digital Output Supply Voltage 4.75]; |5.25| Vv | 
| Dicc | Digital Output SupplyCurrent =| | || mal 
High Level Input Voltage Digitalinputs || 
Low Level Input Voltage 


P| fo | vv 
High Level Output Voltage lok = -100LA 
© Digital Outputs 4.9 V 
© Digital Outputs PABC and PABC 9.8 V 
V lo. = 100A 
© Digital Outputs 0.1 V 
© Digital Outputs PABC and PABC 0.2 V 


OL Low Level Output Voltage 
DC Duty Cycle MCLK Output, C_ = 15pF | 40 | | 60 | % | 


TRANSMITTER ELECTRICAL CHARACTERISTICS 
(A/DVpp = 10V, A/DVss = OV, DVcc = 5V and 0°C < Tamb < 70°C, unless otherwise specificied) 


Max Carrier Output AC Voltage |, = 5.6kQ | 08 | 1.0 | 1.3 | Vans | 
HD2 | Second Harmonic Distortion Ri(AVss) = 5.6kQ | of -so | |B 
; : R(ATO, PAFB) = 1kQ 
Third Harmonic Distortion 
FD FSK Peak-to-peak Deviation 
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RECEIVER ELECTRICAL CHARACTERISTICS 
(A/DVpp = 10V, A/DVss = OV, DVcc = 5V and 0°C < Tamb < 70°C, unless otherwise specificied) 


[Parameter ———=«[~—STest Conditions | Win. [ Typ. [Max [Unit 
pane 
ee rte 
[Rw | inputimpedance 
é ve Gal faiaeaee 
BE 


IN 

IN 

iN (eonez 

j= 180 46Khz pee 

BER | BitEnor Rate ()—~=*dSIN= 1508, S= omg Newhte [| 10" [407 

| torm | Demodulation Time | Alternate, 1 sequence = | S| 3 | | CT 
, a es 


Carrier Detection Level f = 132.45kHz, sine wave 


Note 1 : This parameter is guaranteed by correlation 


on 
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ADDITIONAL DIGITAL AND ANALOG FUNCTIONS ELECTRICAL CHARACTERISTICS 
(A/DVpp = 10V; A/DVss = OV, DVcc = 5V and 0°C < Tamb < 70°C, unless otherwise specificied) 


[Symbol | Parameter—~=S~*d’SCSC*~*~S st Contfons «din. [Typ 
[Vai [HighlLevel Reset Votage _|SeeFigure2 SSCSC=~iSCC*dCO 
See Figure 2 BETH 
[tssr [ResetTime —=~S~S*~*~s Se Figure? —=SCSC~“‘*“‘*é~s CYC” 
two | Wateh-dog Pulge Wish | See Figure? SCS 80 | 
tun | Watch-dog Pulse Period ‘| SeeFigue2——=S=~*~*~*~s CYC 

| : a 
ae 


Watch-dog Time Out See Figure 2 ead 
Carrier Detection Time See Figure 3 


Figure 2 : Reset and Watch-dog Timing Chart 
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Figure 3 : Carrier Detection Timing Chart 
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FILTER TEMPLATES 
Receive and Transmit Filter Intermediate FrequencyFilter 
(KHz) 


RESISTORS CAPACITORS 
ae Ceramic 50 


Ceramic 10V 


> 2N2222 
: 9N2909 TRANSFORMER 
: 2N2907 TR1 : TOKO T1002 N 


: 2N2907 
- 9N2299 CRYSTAL 


QTZ1 : 11.0592MHz parallel resonance 


Notes: 1. These capacitors might not be necessary if the overall power supplies decoupling !s sufficient. 
2 The value of these capacitors depends on the crystal parameters. 
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ST7536 APPLICATION NOTE 


| - INTRODUCTION TO THE ST7536 


The ST7536 is a half duplex synchronous FSK-mo- 
dem, and has been designed to operate on power- 
line networks. For a complete communication 
system, a micro-controller and a powerline-inter- 
face (PLI) are needed (see Figure 1). 

Such a system is able to transmit and receive on 4 
different channels with 2 different data rates (600 
and 1200 baud). The baudrate (BRS) and channel 
(CHS) selection is made, according to the table 1: 


Table 1 
Xmit Freq Xmit Freq 
CHS | Bitrate (KHz) (KHz) 
TxD = 1 TxD =0 


81.75 82.35 
67.20 67.80 
72.60 


The ST7536 is a half duplex modem, as it has two 
operation modes; receive or transmit data. The 
mode selection is made with a Rx/Tx control input. 


Data input and output are related to the clock 
signal; it’s a synchronous modem. This clock signal 
is generated by the ST7536. 
Only a few external components have to be added 
for full operation of the ST7536: a crystal, four 
resistors and five capacitors. 


ll - ST7536 DESCRIPTION 


The S17536 is a single chip modem; all the electri- 
cal circuits needed for a complete modem are 
inside the chip. The modem is available in 28 pins 
PLCC (see Figure 2). 


In transmit mode the Transmit Data (TXD) is sam- 
pled on the positive edge of the clock (CLR/T). 
Then the data enters the FSK modulator. The 
frequency on which this modulator operates is set 
by the time base and control logic. In normal op- 
eration the multiplexer (MUX) selects the FSK 
modulator signal to be send to the transmit filter. 
This filter is a switched capacitor band-pass filter. 


Figure 1 


The time base and control logic uses the Automatic 
Frequency Control (AFC) to set this filter at the 
transmit frequency, corresponding to the selected 
channel. After filtering, the transmit signal is sent to 
an Automatic Level Control (ALC). This control is 
used to overcome problems with line impedance 
variations. The powerlines on which the modem 
has to operate, have variations in their line charac- 
teristics, which are very frequent and totally unpre- 
dictable. The automatic level control uses a feed 
back signal (ALCI) from the powerline interface to 
adjust the transmit output (ATO). 


In receive mode the signal enters the chip on the 
Receive Analog Input (RAI). The received signal is 
filtered in the receive band-pass filter. It’s just like 
the transmit filter , a switched capacitor filter. The 
automatic frequency control is used to set it on the 
right frequency. After being amplified the signal is 
down converted and filtered in the intermediate 
frequency band-pass filter. The resulting signal is 
sent to the FSK demodulator. The coupling of the 
intermediate frequency filter output (IFO) to the 
FSK DEModulator Input (DEMI) is made by an 
external capacitor which cancels an eventual offset 
voltage. Aclock recovery circuit extracts the receive 
clock (CLR/T) from the demodulated output 
(RXDEM) of the FSK demodulator. Synchronous 
received data (RXD) is delivered on the positive 
edge of the clock. 


A time base section delivers all the internal clock 
signals from a crystal oscillator running at 11.0592 
MHz. The crystal is connected between the XTAL1 
and XTAL2 pins. It is also possible to provide 
directly a clock signal on XTAL1 instead of using a 
crystal. 


To debug the chip and test external circuits the 
517536 provides some test options. The transmit 
band-pass filter can be observed using a direct 
input on the filter. This input (TXFI) is selected by 
the multiplexer if TEST4 = 1. The Receive band- 
pass Filter Output (RXFO) is provided at pin 25. 
Finally the clock recovery can be observed when 
TEST1 = 1. In this case the TESTS input gives a 
direct input to the clock recovery block. 
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Figure 2 : Block Diagram 
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lll - ST7536 PIN DESCRIPTION 


The pin decription is not given in numerical order, 
but the pins are described in relation with their 
function and consequently sometimes with other 
pins. 

- power supply input 

- channel selection 

- crystal oscillator input 

- AFCF stabilisation 

- automatic level contro! input 

- data input and output 

- test inputs 

- IFO/DEMI output/input 

- transmit output and receive input 

- Rx/Tx control input 

- reset input 


ill.1 - Power Supply Input 
- pin 8 (DGND) : Digital ground (OV) 
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- pin 9 (DVpp) Digital positive supply 
voltage (+5V) 

Digital negative supply 
voltage (-5V) 

: Analog negative supply 
voltage (-5V) 

Analog ground (OV) 
Analog positive supply 
voltage (+5V) 


Internally the ST7536 has separated power sup- 
plies: the digital and analog circuits are separated. 
Externally the power supplies should be connected 
together. For decoupling, both the positive and 
negative supplies are decoupled with 2 capacitors. 
C6 and C7 decouple the positive, C8 and C9 the 
negative supplies. For proper operation the digital 
positive supply voltage should be decoupled witha 
capacitor (C10) mounted close to pin 9. C6,C8 and 
C10 are 100nF/16V ceramic capacitors, C7 and C9 
10uF/16V tantal capacitors (see Figure 3). 


-pin 18 (DVss) : 
- pin 21 (AVss) 


- pin 22 (AGND): 
- pin 23 (AVpp) : 


3/34 


561 


ST7536 APPLICATION NOTE 


Figure 3 


+5 Volt 


AVDD (23) 


DVDD (9) 


DGND (8) 


AGND (22) 


AVSS (21) 


DVSS (18) 


111.2 - Channel Selection 


- pin 15 (CHS) : Channel selection input 
- pin 16 (BRS) : Baudrate selection input 


Both inputs are digital inputs (0/+5V). The ST7536 
operates with two bitrates: 600 and 1200 baud. 
These bitrates are selected with pin 16 (BRS). For 
both bitrates the ST7536 offers two channels, 
which are selected with pin 15 (CHS). 

A logicai "0" is represented by OV, a"1" by +5V. R1 
and R2 are pull-down resistors, creating a logical 
"0". Closing a switch gives a "1". The selection is 
made according to table I. 


Figure 4 


< 100kQ2 


channel baudrate 


lll.3 - Crystal Oscillator Input 


- pin 13 (XTAL2) : Crystal oscillator output 

- pin 14 (XTAL1) : Crystal oscillator input 

The internal crystal oscillator of the ST7536 needs 
an external crystal. This one should be a 
11.0592MHz crystal. Two capacitors (C1 and C2) 
have to be added for proper operation. They are 
typically 22pF/10V ceramic capacitors. 
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It is also possible to connect directly a clock signal 
to the oscillator input, in this case the crystal and 
the capacitors should be removed. On the applica- 
tion board this option is not used. The ST7536 clock 
signal is the time reference of the system. 


Figure 5 


OSCOUT 
(4) 


il.4 - AFCF Stabilisation 


-pin 17 (AFCF) : Automatic frequency control 
output 

In the ST7536 an automatic control section adjusts 

the central frequency of the receive and transmit 

band-pass filters. The stability of this section has to 

be ensured with an external RC network. 


Figure 6 


i1.5 - Automatic Level Control Input 


- pin 27 (ALCl) : Automatic level control input 


The output stage of the transmit path consists of 
an automatic level control (ALC). It offers the pos- 
sibility to keep the output voltage of the power 
amplifier independent of variations of the powerline 
network. The impedance of these networks can be 
anywhere in the range of 5 - 100. If the impedance 
of the powerline changes, the output of the ampli- 
fier will change. With the ALC input it is possible to 
correct these output variations. To control the out- 
put of the powerline interface a feed-back signal is 
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needed. This signal is sent through an amplifier. 
The automatic level control can decrease the maxi- 
mum transmit output in 32 steps of 0.84dB. The 
gain range is OdB — -26dB. A peak detection is 
done on the signal presented on the ALCInput and 
the ALC compares it to two reference voltages, VT1 
(1.87V) and VT2 (2.12V). 


If max. VALCI < VT1 the next gain is increased by 
0.84dB. 


If VT1 <max. VALCI < VT2 there is no gain change. 
If VT2 < max. VALCI the next gain is decreased by 
0.84cB. 


The gain of the feed-back amplifier is such that the 
feed-back signal peak voltage falls between Vri 
and VTo. 
Example: 
The wanted 
0.5V(peak). 
For a 0.5V output peak voltage 
Vout peak 0.5 (12dB). 


~ wel 2 


interface output voltage is 


2 

Then the feed-back amplifier should have a gain of 
4x (=+12dB). The ST7536 starts up. VALCI = OV 
(VALCI < VT1). The ATO output is increased witha 
gain of +0.84dB. On a certain moment the output 
voltage over the powerline will become 0.5 
V(peak). This signal is amplified to 2.0 V(peak). 
Then the ALC stops increasing the ATO output, 
which will remain at its actual level. If the line 
impedance increases, the power amplifier of the 
interface might deliver more output voltage. If the 
output voltage of this amplifier increases, the ALCI 
voltage will be higher than VT2. The ALC will then 
immediately decrease the ATO output. And so the 
output of the interface can be made independent 
of impedance variations of the powerline. 


Of course this will operate only if the power ampli- 


Figure 7 
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fier in the interface is able to drive all the imped- 
ances at the required output voltage. Let’s say the 
impedance of the line becomes 0.1Q. The ALC will 
increase the output of the ATO. But if the power 
amplifier is not able to drive such low impedances, 
the only result will be an output signal with a large 
distortion. Therefore on the application board the 
ALCInput is set at OV with a resistor (R4). The ATO 
will be always at maximum output (1.25 Vrms). The 
powerline interface has been designed to drive all 
impedances from 0.5 - 100 with this input. To be 
able to do some experiments with the ALC, a 
resistor is used to set the ALCI at OV. It gives the 
possibility to inject a signal on the ALCI. This would 
not have been possible if on the printed circuit 
board a short circuit to ground had been made (see 
Figure 7) 


111.6 - Data Input and Output 


- pin 5 (RxD) : Synchronous, receive data 
output 

-pin 6 (CLR/T) : Receive and transmit clock 

- pin 7 (RXxDEM) : Demodulated data output 

-pin12 (TxD) =: Transmit data input 


The ST7536 is a synchronous modem; data input 
and output are related to the clock (CLR/T). In 
transmit mode the ST7536 generates this clock 
signal. The transmit data are sampled on the posi- 
tive edge of CLR/T. Therefore the TxD should be 
valid at that moment. In receive mode the demodu- 
lated (receive) data is available at pin 7 (RXxDEM). 
A clock recovery circuit extracts the clock signal 
from the demodulated data and delivers synchro- 
nous data (RxD) on the positive edge of CLR/T. 


On the application board the RxDEM data output 
is not used. All the data signals from and to the 
ST7536 (RxD, TxD) are related to the clock 
(CLR/T) (see Figure 8). 


next gain decreased by 0.839 dB 
VT2 2.12V 


no gain change | Max. (Valcl) 
VT1 01.87V 


next gain increased by 0.839 dB 
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Figure 8 


data 
valid 


bit bit 


Ill.7 - Test Inputs 


-pin 3 (TEST4) : Testinput, witha"1" on this pin 
the multiplexer selects the 
transmit band-pass filter input 
(TXFI). 

- pin 4 (TEST3) : Test input which gives a direct 


acces to the clock recovery 
circuit.This input is selected 
when TEST1 = "1". 

Test input, a "1" on this pin 
cancels the automatic 
switching from transmit to 
receive mode, and validates 
the TESTS input to the clock 
recovery circuit. 

Test input, a "1" on this pin 
reduces the automatic 
switching time (from transmit 
to receive mode) to 1.48 
msec. 

On the application board TEST 2/3/4 are not used, 
and pin 3, 4, and 11 are therefore set at OV. Witha 
switch TEST1 can be set at "0" or "1". See also the 
Rx/Tx control input. 


- pin 10 (TEST1) : 


- pin 11 (TEST2) : 


1.8 - FO/DEMI Output / Input 


- pin 19 (IFO) Intermediate frequency filter 
output 
- pin 20 (DEMI) : FSK demodulator input 


The connection between the intermediate fre- 
quency filter output and the FSK demodulator input 
should be made externally with a capacitor (C5, 
1pF/10V). 

[11.9 - Transmit Output and Receive Input 


- pin 24 (RAI) Receive analog input 
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- pin 28 (ATO) : Analog transmit output 


Pin 24 is the receive input of the ST7536. The 
receive output of the powerline interface should be 
connected to this pin. The maximum input voltage 
is 2Vams. The receive sensitivity of the ST7536 is 
2mVrms f on channel 1 and 2 (600 baud), and 
3mVrams on channel 3 and 4 (1200 baud). 


Pin 28 is the transmit output of the ST7536. The 
transmit input of the powerline interface should be 
connected to this pin. The ATO output is regulated 
by the ALC] circuit. The maximum output voltage is 
3.5Vpp. The second harmonic distortion is about 
-530B. 


111.10 - Rx/Tx Control Input 


- pin 1 (Rx/Tx) : Receive or transmit mode 


selection input 


The ST7536 is a half duplex modem and has 
therefore two operation modes: receive and trans- 
mit. This mode selection is done with the Rx/Tx 
input. The transmit mode is selected when Rx/Tx 
is "O". If Rx/Tx is held at "0" longer than 3 seconds, 
the ST7536 switches back to receive mode. To set 
the ST7536 again in transmit mode, Rx/Tx should 
be held at "1" for a minimum of 3 microseconds 
before being set to "0". 


The carrier activation time is 1 msec. 


To be able to observe the transmit output of the 
317536 on the powerline interface for a longer time 
than 3 seconds it is possible to use the test 1 Input. 
If this input is set at "1" the automatic switching is 
disactivated. 


Then it is possible to transmit a signal but not to 
receive. 
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lll.11 - Reset Input 


- pin 2 (RESET) : logic reset and power-down 
input 

When this input is set at "O" the ST7536 is in 

power-down mode. All the internal logic is then 

reset. For normal operation this input should be set 

at"1". On the application board this input is control- 

led by the micro-controller. 


IV - POWERLINE INTERFACE 


The power line interface (PLI) connects the 
ST7536 to the powerlines.The following PLI has 
been designed according to the ENEL (italian elec- 
tricity distributor) specifications : (This PLI is suit- 
able to CENELEC european specification and the 
FCC USA spec) (see Figure 9) 

transmit output : 

R powerline > 5Q > 1-2 Vrms 

R powerline < 5Q — 200-400mArms 
Second Harmonic Distortion < 72dB 

for R powerline = 18Q 

receive sensitivity : 1.5mVrRmus 


In transmit mode the powerline interface amplifies 
and filters the transmit signal (ATO) from the 


Figure 9 


$T7536 APPLICATION NOTE 


ST7536. The maximum output current that can be 
taken from ATO is 1mA. Therefore a buffer is used 
to protect the ST7536 and in order to drive the next 
stages in the powerline interface. The Second Har- 
monic Distortion (HD2) of the transmit signal from 
the ST7536 is -53dB. To suppress the harmonics a 
low pass filter (LPF) is used. The filtered signal is 
then sent to a power amplifier, which must drive 
powerlines with impedances from 1 to 100Q,via the 
transformer. The transformer is not only used to put 
signals on the powerlines. It’s also used as a band 
pass filter, in order to suppress the second har- 
monic of the transmit signal to a level of less than 
-72cB. 


In receive mode the transformer extracts the signal 
from the powerline. Before sending it to the receive 
input (RAI) of the ST7536, it is amplified with a level 
of 34dB in the preamplifier. 


The buffer and power amplifier are switched off in 
receive mode,in order to avoid the low output im- 
pedance of the power amplifier attenuating the 
received signals. 


IV.1 - Buffer and Low Pass Filter 


These two functions are build up around UA1 (see 
Figure 10). 


PowerLine Interface 


ATO ST7536' 


RX/TX 


RAI ST7536 |: 


preamplifier 
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A feed back from the output of the power amplifier 
to the operational amplifier is done with R7/C7. This 
gives a low pass function and therefore the possi- 
bility to create a low pass filter. The ST7536 oper- 
ates on 4 channels : 67, 72, 82 and 86kHz. With 
R7 and C7 the cut off frequency of this filter is set. If 
this frequency is set at 75kHz, the difference be- 
tween 75kHz and 150kHz (second harmonic) sig- 
nals is only 3dB,because such a filter has already 
an attenuation of 3dB at the cutoff frequency (see 
figures below). 


Figure 11 


Figure 12 


To ensure an attenuation of 6dB of the second 
harmonic, the cut off frequency has been set at 
24kHz. 


With R7=10kQ 

f = 1/(6.28*R7*C7) = 24kHz 

C7 = 680pF 
The ratio R7/R5 provides sufficient amplification on 
the transmit frequency, to drive the power amplifier 
at optimum performances.The frequency differ- 
ences of the four channels result in a different 
output of the low pass filter. Therefore the ratio of 
R7/R5 is not the same for all the four channels. 


ATO (eR) 

The connection of the operational amplifier to the 
power amplifier is done with R6. This resistor is 
added to avoid oscillation. Without this resistor 


Stable operation cannot be guaranteed. The value 
of R6 is determinated with experiments to be 330. 


LY, 
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An other function of R6 is to increase the load 
impedance seen by the operational amplifier. The 
impedance is R6 plus the input impedance of the 
power amplifier. If this impedance is to low the 
operational amplifier will not be able to drive the 
power amplifier in optimum performances. The 
maximum voltage swing will decrease and the 
second harmonic distortion will increase. Different 
operational amplifiers have been tested. The 
TLO71C gives the best performances. 


IV.2 - Power Amplifier 


The power amplifier increases the output signal of 
the operational amplifier and low pass filter (UA1). 


Figure 13 


The input impedance is increased because it’s 
multiplied by the Beta of T5/6, which are no longer 
used as diodes. Therefore R8 and R9 could be 
decreased, to deliver more current to T7/T8. The 
optimum performances of the amplifier were ob- 
tained with a value of 820Q for R8 and R9. An other 
solution to deliver more current to the output tran- 
sistors is the addition of C8. It will decrease the 
input impedance, but also deliver extra current to 
T7 by T6, and to T8 by T5. Other transistors have 
been used also a BD237 for T6/T7, a BD238 for 
T5/T8. These transistors can deliver more output 
power, and are not much expensive than the 
2N2222/2N2907. Furthermore, the collectors are 
connected to the (metal) package. This gives the 
possibility for a mechanical connection of T5/T8 
and T6/T7. This will result in the same temperature 
in both transistors, what will avoid thermal runaway. 
To decouple the power supplies C3/C5 (22uF/16V) 
and C4/C6 (100nF/16V) are used, mounted close 
to T7 and T8. 

Using this configuration, it is possible to provide 
1 — 2 Vrms in powerlines with impedances from 
5 — 1000. 
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IV.3 - Transformer 


A transformer is used to connect the power ampli- 

fier and the preamplifier to the powerline.This 

transformer has to : 

- separate the rest of the interface from the power- 
line 

- put the transmit signal on the powerline 

- extract the received signal from the powerline 

- filter the 50/60Hz signal coming from the power- 
line 

- filter the second harmonic of the transmit signal. 

The transformer is a TOKO T1002N,which has two 

primary windings and one secondary winding. The 

ratios of the windings are 4:1:1 (turns) (See also the 

Figure 14). Typical values of the transformer are: 

Lit windings : 9.4 WH 

L4t winding : 140 WH 

The primary windings of the transformer are used 

to create a bandpass filter. The resonance fre- 

quency is set at the transmit frequency with 

C10/C11. These capacitors are in parallel with the 

primary windings (1t/4t). The equivalent value for 

those two windings can be calculated according to: 


Leq =Lit+L4t+2M 
1 


M=k-VLit-Lat {k= 
Ve 


With the given values: 


M  =(9.4 nH * 140 nH) °° 
= (1316 wH) °° = 36.3 wH 
Leq =Lit+L4t+2-(Lit-L4t) 

= 9.4nH + 140UH + 2 - 25.6uH = 200UH 
The resonance frequency of this LC network is 
dependent of Ceq = Cp = C10//C11 and Leq ac- 
cording to: 
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4 2 
Cp = 21 : fres 


Leq 


As this filter is very sharp, there are different values 
for Cp on each (transmit) frequency. 


channel 1: f=82kHz — Cp=18nF = 10nF //6.8nF 
channel 2: f = 67kKHz >Cp= 28nF = 22nF // 6.8nF 
channel 3: f = 72kHz > 

Cp = 24nF (only 1 capacitor) 
channel 4: f=86kHz Cp = 17nF = 10nF // 5.6nF 


On channel 3 only 1 capacitor is needed and 
therefore C11 doesn’t exist. On a printed circuit 
board the capacitors should be mounted close to 
the transformer. In order to get the best filter per- 
formances.The capacitors (C10/C11) have to be 
linear, such as the KS (styroflex) types. 

C12 is used to filter the 50/60Hz signal from the 
powerline. The capacitor filters low frequencies 
50/60Hz and lets the high (transmit) frequencies 
pass. The capacitor is a class X2 capacitor. These 
capacitors have a short circuit protection, which is 
absolutely necessary,because in case of a short 
circuit in the capacitor, the 50/60Hz filtering is lost, 
and the powerline interface will be destroyed, or 
might be dangerous for persons working with the 
interface and the ST7536. 

As a final protection against any possible spikes, a 
transil (TRL1) is used. It is a 6.8V bipolar type. If a 
voltage 6.8V appears, the transil will act as a short 
circuit to ground, protecting the other parts of the 
powerline interface from damage. 

R12 is added to discharge C12 after disconnecting 
the interface from the powerline. Without this resis- 
tor, C12 will not be discharged and shock hazard 
might occur if someone touches the powerline 
connector. This resistor is only usefull in evaluation 
systems. In all other cases when disconnecting 
from the powerline never takes place R12 can be 
removed. 


(18) 
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iV.4 - Preamplifier 


Receive signals on the powerline are extracted by 
the transformer and (pre)amplified before sending 
them to the Receive Analog Input (RAI) of the 
ST/7536. This is done to have, according to the 
specifications, a receive sensitivity of 1.5mVrms. 
The sensitivity of the ST7536 is 2mVrmus,for chan- 
nel 1 & 2, and 3mVrms for channel 3 & 4. To 
increase the sensitivity the received signal is fil- 
tered in the transformer, and then amplified with a 
gain of 40cB. Alimiter is used to protect the ST 7536 
against signals > 2Vams. 


Figure 15 


from 
transformer 


In receive mode the power amplifier is virtually 
disconnected from the power supply, in order to 
avoid its low output impedance attenuating the 
received signals. Signals that are extracted from 
the powerline are filtered in the transformer, in the 
same way that the transmitted signals. 


After filtering, the signals are amplified. This is done 
with UA2, an inverting amplifier. The gain of this 
amplifier is set with R15 and R16. 

gain = R15/ R16 = 100k/ 1k = 100 x = +40dB 
The maximum input level at the RAI is 
2Vrms. Therefore the signals coming from the pre- 


Figure 16 
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amplifier have to be limited to avoid transmodula- 
tion to the ST7536. Amplifier UA2 operates with a 
power supply of -5V and +5V. The maximum output 
voltage of the amplifier is then + 4V. With R13 and 
R14 a simple limiter has been created. The output 
voltage of this limiter is the voltage over R13. The 
input resistance of the RAI (Rin) is 100kQ. 


The gain of the limiter 

= ( Rin//R13 ) / ( Rin//R13 + R14 ) 

= ( 100k//47k ) / ( 100k//47k + 47k ) 

= 0.4 x (= -80B ) 

With a maximum output of the amplifier of 4V, the 
maximum output of the limiter is set at 0.4 x 4V 
= 1.6V. Strong input signals are clamped by UA2, 
but tests showed that this clamping has no effect 
on correct demodulation. 

The total gain of the preamplifier is: +40dB + -8dB 
= +32dB providing the required receive sensitivity 
of 1.5mVrwms. 


IV.5 - Power on/off Switch 


The powerline interface has two operation modes: 
transmit and receive. Normally the ST7536 system 
(and therefore the interface) is in received mode, 
waiting for commands or data requests from the 
master system. The interface will be used in trans- 
mit mode ,only when the system has to respond to 
the master, 


To save energy costs, the buffer and power ampli- 
fier in the transmit path are switched off. Also if the 
interface is used in a master system, which will be 
often in transmit mode, this switching can be use- 
full. 

A second reason to switch off the transmit power 
amplifier is the fact that its low output impedance 
will attenuate the incoming signals in receive mode. 
Therefore the power amplifier is virtually discon- 
nected from the power supply (See Figure 16). 
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Switching the positive (Vpp) and the negative (Vss) 
input voltage is done with T3 & T4. If these transis- 
tors are switched off the high resistance of the 
collectors will provide the virtual disconnection. In 
transmit mode these transistors are switched on, 
and the voltage lost over the transistors (Vce) will 
be 0.2V. 


The Control of the switch is done with a Rx/Tx 
control line from the controller. In transmit mode 
this line is +5V, in receive mode OV. The +5V wili 
open T1, which delivers the base current for T2 and 
T4. T3 is switched by T2. 


In transmit mode the buffer and power amplifier will 
operate with HF-signals (the transmit signals have 
frequencies 67...86kHz). Therefore the input (+ 5V) 
of the switching transistors has to be decoupled. 
This is done with C1 and C2, which have both a 
value of 100nF. 


R1 is 47kQ, to create a high input impedance. R2, 
R3 and R4 are 270. T1 and T3 are a 2N2222, T2 
and T4 the equivalent pnp version; a 2N2907. 
These transistors can deliver a maximum current 
of 0.8A, more than enough for the buffer and power 
amplifier. 


IV.6 - Building-up the Powerline Interface 

The whole described parts make a complete pow- 
erline interface. The interface has to be connected 
to the ST7536 as described before. 

Because the interface is supposed to operate with 
the ST7536, the input and output names corre- 
spond to the related pin names of the ST7536. for 


Figure 17 
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instance: the ATO pin of the ST7536 should be 
connected to the ATO pin of the powerline interface. 


The ATO and RAI are the analog output and input 
from/to the ST7536. The Rx/Tx control input is 
connected to the controller. The controller switches 
the interface from transmit mode to receive mode 
and vice versa. The +/-5 Volt inputs are connected 
to the power supply connections of the application 
board. These inputs are HF-decoupled on the 
board. See also the schematic of the ST7536. If the 
interface has to operate separated from the appli- 
cation board, using an external power supply, the 
+ 5V inputs should be decoupled with four capaci- 
tors (see Figure 17) 


The operation mode of the interface is set with the 
Rx/Tx input line. A high input (+5V) on this line 
selects the transmit mode, a low input (OV) selects 
the receive mode. Amicro-controller has to be used 
to control this input. 


The ’power line’ outputs are the powerline connec- 
tions. On the application board these connections 
are located close to C12 and the transformer, to 
avoid long tracks carrying high voltage. 


IV.7 - Performances of the Powerline Interface 


The following tests have been done on the power- 
line interface : 

- power consumption 

- transmit output 

- receive sensitivity 


All the tests are done with the powerline interface 
connected to the ST7536. 
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IV.7.1 - Power consumption 


The power consumption is measured both in trans- 
mit and receive mode. 

In both modes the powerline has been simulated 
with a 5Q resistor (worse case simulation). In trans- 
mit mode the data input (TxD) was a logical 0 (OV). 


The results remained the same for the four chan- 
nels. 
The current consumption : 
The input voltage : - 5.00V, + 5.00V 
transmit mode : - 150mArms, + 180mArRms 
receive mode : - 1mArms, + 1MArRMsS 


The power consumption : 

transmit mode : -5V x -150mA++5V x +180mA 
0.75W + 0.9W = 1.65W 

-5V x -1mMA+4+5Vx+1imA 
0.005W + 0.005W = 0.01W 
(= 10mW) 

In transmit mode the powerline interface delivered 
0.340 W into a 5Q load. With an input of 1.65 W the 
efficiency is 20%. This does not imply a waste of 
energy. A ST7536 system is almost allways in 
receive mode, and the lost of energy is conse- 
quently limited. 


In receive mode the buffer and the power amplifier 
are switched off. Power is only consumed by the 
preamplifier. This explanes the low power con- 
sumption in receive mode. 


Test equipment : Keithley 165 Multimeter 
Test conditions : T = +25°C 


receive mode : 


IV.7.2 - Transmit output 


The transmit output of the powerline interface is 
measured with the powerline simulated by resis- 
tors. 


Figure 18 
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The interface is tested on the four channels. On 
each channel the ST7536 uses two signals : one 
for TxD = 1 (lower freq.) and one or TxD = 0 (higher 
freq.) Therefore the output on each channel is 
measured for TxD = 1 and TxD = 0. This makes 4 
(channels) x 2 (TxD 0/1) = 8 signals to test. 

The powerline is simulated with resistors. Six dif- 
ferent impedances are tested : R = 0.5, 1, 5, 10, 
50, 100Q. 


A spectrum analyzer is used to test the output of 
the powerline interface It measures the output 
power and generates a frequency spectrum plot. 
With this plot the harmonic distortion can ne calcu- 
ah (see Figure 18) 


sults. ANNEX 

wie the spectrum analyzer the output power on 
the transmit frequency (H1) is measured. Then the 
power of the harmonics is measured. The differ- 
ence between those two signals is the harmonic 
distortion. 
Example : TxD = CHS = BRS = 0 

(channel 1, txd = 0 > 81.75kHz.) 

R powerline = 5Q. 
Hi : f= 81.75kHz, measured power = +15.2dBm. 
H2 : f = 163.5kHz, measured power = -58.8dBm. 
The difference between H1 and H2 is + 15.2cB - 
-58.8d0B = 74cB. 
The second harmonic of the signal is in this case 
suppressed to a level of -74dB (compared to H1). 
The measured output power of H1 = +15.2dBm. 
Then the output voltage can be calculated. 
0 dBm is 1mW power into a resistor of 50Q. So 
+15.2 dBm is 33mW power into a resistor of 50Q. 
Vout(rms) is therefore (88mW * 50Q)40.5. In this 
case the output voltage is 1.29Vrms. 
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The output current is also calculated : 

lout(rms) = Vout(rms) / R. 

For example; the output voltage with R powerline 
= 0.50 is 0.18VRms. Then the output current is 
360mArwms. 


Channel 1 : 82kHz 


ne (a)| ata Output H2 H2 

Rline (Q) (Vans) {Vams) (dB) (dB) 
= 1 | TxD=0 

| 05 | 018 | o18 | -5i | -54 | 


Channel 2: 67kHz 


Rline Output | Output H2 H2 
(Q) ate) (Vams) | _ (dB) (dB) 
TxD=0 | TxD=1 | TxD=0 


os [ote | ote | 7 | 8 
[1 [028 [028 [68 [68 


Channel 3 : 72kHz 


Rline Output | Output H2 H2 

| aye" | Axel | tip 21 | to 
jos | o1¢ | o16 | -65 | -67_ | 
ri | 028 | ozs | -0s | 67 __ 
ee a ee ee 


Channel 4 : 86kHz 


Rline Output | Output H2 H2 
(Q) {Vems) (Vams) | _ (dB) (dB) 
TxD =0 | TxD=1 | TxD=0 


| 05 | 017 | o17 | 56 | 52 | 
[1 [029 [030 | 60 [57 
ee ee ee 
| too | 188 | 184 | -80 | -78 | 
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Summary of the test results : 


Channel 1: 

R<5Q : 310-360mARms 
R>5Q : 1.3-2.1vams 
R10/502 : H2<-74dB 
Channel 2: 

R<5Q : 280-320 mArms 
R>5Q : 1.2-2.2 Vams 
R 10/50Q H2 < -75dB 
Channel 3 : 

R<5Q0 : 280-320mArms 
R>5Q : 1.2 -2.0VRms 
R 10/502 H2 < -74dB 
Channel 3 : 

R<5Q : 290-340mArms 
R>5Q 1.2 - 1.9VRus 
R 10/50Q H2 < -78dB 


With impedances < 5Q the output current is for all 
the four channels in the range 280-360mArwms. 


The output voltage on impedances > 5Q is both on 
channel 3 and 4 in the range 1.2 - 2.0Vrams. On 
channel 1 and 2 it’s in the range 1.2 - 2.2Vrms. 


On all the channels the second harmonic of the 
signals is < -74dB, on channel 4 the second har- 
monic is even < -78dB. 


IV.7.3 - Receive sensitivity 


The receive sensitivity of the powerline interface is 
measured with a Bit Error Rate (B.E.R.) test. The 
Bit Error Rate is the amount of wrong bits in a 
received bit pattern. For example, if 2 out of 1000 
received bits is wrong detected, the B.E.R. is 
2/1000 = 2 E-3. If the B.E.R. with an input of 
1mVrws is worse than with an input of 5nVrams, the 
receive sensitivity is not 1mVRus but 5MVrams (or 
more). 


Test configuration 
In this test two ST7536 boards are used. Each 


board has a ST7536 + powerline interface. 


One board is in transmit mode, the other in receive 
mode. A Bit Error Rate Analyzer is used to generate 
bit patterns, and to compare these patterns with the 
receive patterns. Because the ST7536 is a syn- 
chronous modem, both the received data (RxD) 
and transmitted data (TxD) are related to the clock 
signal generated by the ST7536. Therefore the 
clock signals of the boards are delivered to the 
analyzer (see Figure 19). 
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Figure 19 
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The output of the transmitting board is a Frequency 
Shift Keying (FSK) signal. This signal is added with 
the signal from a noise generator. This to observe 
the B.E.R. under different Signal/Noise-ratio condi- 
tions. In the adder the FSK signal is attenuated to 
a level of 0.5 - 5mVams. The output signal is then 
send to the receiving board. 

A spectrum analyzer is used to measure all the 
signals. 

Measurements 

Two tests are done on 
(72kHz/1200 baud). 


First B.E.R. test is made with a FSK input of 
1mVrms ( = -60dBV). With the noise level set at 
-68....-74dBV. This gives a S/N ratio from 8....14dB. 


A second test is done with a FSK input of 5nVrus 
(=-46dBV). With the noise level set at -54...-6O0dBV. 
These values are set by adjusting the mixer, and 
measured with the spectrum analyzer. 


The spectrum analyzer measurements are made 
in a spectrum of 1200HZ. This is done because the 
FSK signal has two main frequencies on 1200 Hz 
distance from each other. The noise signal is there- 
fore measured in this band. In annexe B example 
plot are given from all the tests, with a S/N ratio of 
10aqB. 


The B.E.R. is calculated from the number of errors 
counted by the B.E.R. analyzer. 

Example : 

For instance the bit rate is 1200 baud. In 10 minutes 
the analyzer counted 800 errors. The measure time 


Channel 3 


14/34 


972 


RXDCLOCK 


receiving 
ST7536 board 


A NOISE + FSK 


SPECTRUM 
ANALYZER 


is then 10 x 60 seconds is 600 seconds. Each 
second 1200 bits are transfered, so in 600 seconds 
720000 bits. Then the bit error rate is 800/720000 
= 1.1 E-3. 


— B.E.R. = number of errors / (time in seconds x 
bit rate) 


Test results (see ANNEXE A) 


The results of the B.E.R. test are almost the same 
for both 1mVrms and 5mVrms (FSK signal level) 
input. Compared to B.E.R. test results of a stand 
alone ST7536, the results are even 1dB (S/N ratio) 
better. 

These results demonstrate that the receive sensi- 
tivity is at least 1mVams, and therefore the other 
channels are tested with an input of 1mVrwms. 


Channel 1, 2 and 4 are tested with a FSK signal 
input of 1mVrRmus. On those channels the results are 
also compared to B.E.R. test results of a stand 
alone ST7536. On channel 2 there is no difference 
between the B.E.R. of a stand alone ST7536 and 
a ST7536 + powerline interface. On channel 1 and 
4 the B.E.R. is 0.5dB better than a stand alone 
ST7536. 


Typical B.E.R. : (input FSK 1mvV) 
Channel | Channel | Channel 
2 3 4 
1.2E-2 2.0E-2 1.0E-2 
2.0E-3 | 2.0E-3 | 4.5E-3 
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IV.7.4 - Conclusions 


The B.E.R. tests confirm a receive sensitivity of 
1mVrwms. This is according to the specifications 
under which the powerline interface has to operate. 
Moreover, the B.E.R. tests showed that the power- 
line interface improved the performances of the 
ST7536 ; the results of a ST7536 in combination 
with the powerline interface are better than a stand 
alone ST7536. 

Remark : 

To test if these results are not only valid for a 
laboratory set up, both boards have been con- 
nected to the 220V powerline network. The dis- 
tance between the two boards was 30 meter. After 
a measure period of 15 minutes, not even 1 error 
was detected ! 
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Test equipment : (See Figure 20) 
Shlumberger SI 7703B B.E.R. analyzer 
HP3562A Spectrum analyzer 

Rohde & Schwarz SUF2 Noise generator 
Mixer : 


V - HEATING CONTROL APPLICATION 


V.1 - Introduction 


We will do a heating control system, using the 

ST7536 and a ST6 micro controller. 

We have two boards (see Figure 21) : 

- MASTER : control and set temperature in each 
room 


- SLAVE : temperature reading,switch on/off of 
heater. 
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V.2 - Micro-controllers 


Two different micro-controllers have been set up, 
one for the slave systems, and one for the master 
system. The main differences between the two 
controllers are the different input/output facilities. 


The slave version needs one 8-bit data input to 
initialize its own address, and one 8-bit input to read 
data from an external measure system. It should 
also provide an output that switches a load. This 
load will be simulated by a LED. 


Figure 22 : Slave Micro-controller 
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The master version will have its own address initial- 
ized in the software. Therefore no data input is 
needed for that. Data input (8-bit) is needed to read 
the destination (slave) address. To display data, an 
8-bit data output has to be provided. Furthermore, 
it needs a 2-bit command input. 


Figure 23 : Master Micro-controller 
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Both the master and the slave version need also 
data exchange with the ST7536; the clock, transmit 
data, receive data, reset and Rx/Tx control lines. 


V.3 - Hardware 


As a micro-controller the ST6 has been chosen. 
This controller provides 20 data input/output pins, 
a reset and a non maskable interrupt input. Only a 
few external components have to be added to this 
micro-controller for full operation. The used ST6 is 
a 2K byte program memory EPROM version; the 
ST62E15. The ST6 has an internal oscillator circuit. 
One machine cycle takes 13 oscillator pulses. This 
means that with a clock frequency of 8MHz a 
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machine cycle takes 1.625us. Most of the instruc- 
tions (load instructions, bit manipulations) take 4 
machine cycles. The maximum bitrate the ST6 has 
to serve is 1200 baud. One bit has a lenght of 
833us, which is equal to 512 machine cycles. This 
means that during each bit about 130 instructions 
can be executed. 

The ST6 has an on chip watchdog circuit. There 
are two different versions of the ST62E15. On one 
there is a software selectable watchdog, and on the 
other (the hardware version) this watchdog is all- 
ways activated. The version that is used for these 
micro-controllers is the hardware version. 


V.4 - Slave 

This micro-controller is in fact just an ST6 with a 
very few external components. A few switches, 
resistors, capacitors, a crystal and a 74LS04 are 
connected to have a complete controller. Each of 
these components is used to set the ST6 in the 
correct configuration. 


Pin configuration slave controller 


For each pin a short discription is given, such as 
the configuration chosen for this micro-controller. 


- pin 27..20 (PAO..PA7) : Input/output port A. 
Port A of the ST6 is used for reading the (8-bit) 
home address of the slave system. Switches are 
used to set each bit. The ST6 provides an internal 
pull-up resistor which will cause an "1". Closing a 
switch (to OV) will cause a "0". 


Figure 24 
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- pin 19..12 (PBO..PB7) : Input/output port B. 
Port B of the ST6 is used to read (8-bit) data from 
an external measure system. This system is 
simulated by switches. The same as for port A, 
the ST6 provides an internal pull-up resistor 
which will cause an "1". Closing a switch (to OV) 
will cause a "0". 

- pin9(PC4):PortCbit4. —__ 

This output is used as the Rx/Tx control. Transmit 
mode of the ST7536 and the powerline interface 
is selected if this output is "1". Receive mode is 
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selected with an "0". 

- pin 8 (PC5) : Port C bit5. 
This pin is used as the transmit data (TxD) output 
to the ST7536. 


Figure 25 
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- pin 6 (PC7) : Port C bit7. 
This pin is used as the receive data input (RxD) 
from the ST7536. 

- pin 7 (PC6) : Port C bit6. 
This is the load switching output. The load is 
simulated by a LED. Two inverters are used as a 
buffer between the ST6 and the LED. Because 
the ST6 outputs are in high impedance during a 
reset, a pull down resistor (R3/2k2) is used to 
avoid the load switching on. 


Figure 26 
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- pin 4 (OSCOUT) : Oscillator output. 


- pin 3 (OSCIN) : Oscillator input. 
Between these pins a 8.00MHz crystal has to be 
connected. If the internal oscillator of the ST6 
runs at 8MHz, one machine cycle is 1.625us. This 
speed is needed to be able to serve the 1200 
baud bitrate from the ST7536. 
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Figure 27 
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- pin 5 (NMI) : Non maskable interrupt. 
The NMI is used as input of the (inverted) clock 
of the ST7536. The NMI is falling edge sensitive. 
An external pull-up resistor (R2/100k) is added to 
provide +5V for debugging the controller without 
the 74LS04 (the inverter). 


- pin 11 (RESET) : Reset input. 
The reset of the ST6 is active low. To restart the 
microcontroller at the beginning of its program, 
this pin should be set to OV by closing the switch. 
For normal operation the +5V is provided by a 
pull-up resistor (R71/100k). 


Figure 28 


- pin 2 (TIMER) : Timer output, not used. 
- pin 10 (TEST) : Test input. 
The test pin is used to set the ST6 in a special 


operation mode. For normal operation this pin is 
set at OV. 


- pin 1 (Vpp) : Power supply, +5V. 
- pin 28 (Vss) : Ground, OV. 


V.5 - Master 


The main difference between the master and the 
slave version of the micro-controller is the fact that 
the master needs one extra input/output pin. The 
slave version has 1 output to control a load, where 
the master needs 2 inputs to read a command. 
Therefore one input/output (PC5) has been multi- 
plexed, it serves both the RxD and TxD lines to the 
ST7536. 


Pin configuration master controller 


The pin configuration of the master differs from the 

slave on the next pins: 

- pin 27..20 (PAO..PA7) : Port A. 
The master uses port A to display data. Light 
Emitting Diodes (LED’s) are used to do this. The 
maximum current that can be taken from each pin 
is 5mA. Therefore the serial resistor has a value 
of 1kQ (current = U/R = 5-0.6/1k = 4.4mA). 
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Figure 29 


- pin 19..12 (PBO..PB7) : Port B. 
The hardware configuration of these pins is the 
same as on the slave, but on the master these 
pins are used to read a (destination) address. 


- pin 7/6 (PC6/7) : Port C bit6/bit7. 
On the master these pins are used to read a 
command (see also the software discription). The 
hardware configuration is the same as for port B. 

- pin 9 (PC5) : Port C bit5. 
The slave uses PC7 as received data input (RxD). 
Because the master already uses this pin for 
reading a command, PC5 has to be multiplexed. 
This is done with an 74LS245. It is a (8-bit) bus 
receiver/transceiver. The Rx/Tx line is used to 
select whether the RxD should be send to PC5, 
or the data from PC5 to the TxD (that’s the 
opposite direction). 


Figure 30 


74LS245 


V.6 - Software 


The software that has been developed for the 
micro-controllers has to be regarded as an intro- 
duction to more complex communication protocols. 
Therefore a very simple but effective protocol has 
been set up. With this protocol it should be possible 
to evaluate the performances and possible appli- 
cations of a ST7536 system. 


V.7 - Protocol 


The protocol has been set up in such a way that all 
kind of features can be added easily. A simple but 
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powertull frame format is used. It gives the possi- 
bility to use error correction and detection. 


Each frame consists of a preamble, a system ad- 
dress, a destination address, a control block anda 
data block. The preamble and the system address 
length is 2 bytes, the destination address, the 
control block and the data block are 3 bytes Jong. 


The preamble is used to train both the transmitting 
and receiving ST7536. It consists of two 8-bit pat- 
terns (10101010). The receiving ST7536 needs it 
to train its clock recovering. Because the 3 first bits 
transmitted by an ST7536 are not guaranteed to be 
correct, the preamble is also used to overcome 
unreliable data in the beginning of a transmission. 
This because the preamble doesn’t contain data. 


The system address is used to be able to have 
more than one ST7536 system operating on a 
certain powerline network. For example a remote 
metering system and a traffic light control system. 
It is also used to avoid interference with other (no 
ST7536) systems. The lenght of the address is only 
8 bits, and therefore it’s send twice, to avoid un- 
wanted activation of a group that has not been 
called. 


The lenght of the preamble and system address 
together is 4 bytes (32 bits) (see Figure 31) 


The preamble and the system address inside the 
frame (see Figure 32). 


The received destination address, control block 
and data block should be very reliable, and there- 
fore an error correction is done. To be able to do 
this all these data is send 3 times. The destination 
address has a lenght of 1 byte (8 bits), which is 
send 3 times: in block 1, block 2, and block 3. This 
is the same for the control byte and the data byte. 
As an example the destination address inside the 
frame (see Figure 33) 


So all the blocks (block 1/2/3) contain the same 
byte. The error correction uses them to extract the 
correct byte out of the 3 that have been received. 

The destination address is used to select 1 user 
(slave) ina system group. All the slaves inasystem 
have their own home’ address. To activate a slave, 
it has to recognize the received destination address 
inside a frame as its own ‘home’ address. 


In this simple protocol there is only communication 
between a master and the slaves. Therefore the 
destination address is transmitted by each slave is 
the master address. In the frame which transmitted 
by the master, the destination address is the home 
address of the slave that is called. 
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Figure 32 


Figure 33 
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FRAME FORMAT 


SYSTEM DESTINATION 
PREAMBLE ADDRESS ADDRESS CONTROL DATA 


2 bytes 2 bytes 3 bytes 3 bytes 3 bytes 


A SS 


FRAME FORMAT 


SYSTEM DESTINATION 
PREAMPLE ADDRESS ADDRESS CONTROL DATA 


SYSTEM 
ae ADDRESS ADDHE 


FRAME FORMAT 


SYST DESTINATION 


BLOCK 1 BLOCK 2 BLOCK 3 
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The control byte can be used for all kind of infor- 
mation about the frame. In this protocol the control 
block is only used to say if the frame is a command 
or a response. This is done with bit 7. If this bit is 
set it means that the data byte contains a command 
(from the master to the slave), and the data byte 
will contain the command. If this bit is reset it means 
that the frame is a response (from the slave to the 
master), and the data byte will contain the re- 
quested data. 


Control Byte | Status Data Byte 
10000000 command command 
00000000 response requested data 


In the control byte only bit 7 is used. Bit 0...6 are 
reset. They can be used to add severall features to 
the protocol. 


Error detection and correction 


A possible feature that can be added is error detec- 
tion. In the protocol this feature is not available. This 
because, to be really usefull, error detection would 
require the possibility to send a message from the 
receiver to the transmitter, indicating that an error 
has been detected. It will need a more detailed 
protocol, which uses the free bits in the control byte. 
The intention of this protocol was to be very simple 
and clear. Therefore the error detection is not pro- 
vided. 

Although there is no error detection, the protocol 
provides an error correction. It would be very unre- 
alistic to assume that all the bits in a received frame 
are correct. Therefore the most important parts of 
the frame (destination address, control byte and 
data byte) are protected with an error correction. 


The error correction is done with bit-overlay. This 
is a very powerfull method to correct bytes that are 
transmitted over very noise lines. Each byte is 
transmitted (and received) 3 times. The software 
uses the 3 received bytes to extract the (probably) 
correct byte. This is done by performing a bitwise 
majority decision on all the received blocks. 


Even if all the 3 received blocks contain errors, it’s 
still possible to extract the correct byte out of these 
blocks. 

example : 

The first received block contains 3 errors (b6/b4 
and b1), the second block contains 2 errors (b7 and 
b3) and the third block contains 3 errors (b5/b2 and 
bO) (see Figure 34). 


The error corrector will take bitwise a decision what 
is probably the correct bit. If two out of three bits 
are "1", the resulting bit will be "1". If two out of three 
bits are "O", the resulting bit will be "O". 


This system can correct 1 error out of 3 bits. If more 
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blocks are send, let’s say 9, it would be possible to 
correct 4 out of 9 bits. This is a very interesting 
method to overcome problems on very noisy pow- 
erlines. 


Figure 34 


ERROR CORRECTION 
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111 
1 1 1 
1 1 


b7 6 5 4 38 
1 
1/17] 1 
1 1 


ToT ToTe fo] [1 Jee 
re fole fo] +] a [+ [eo] mmeavea: 
ro fo] +o] + [eo] | Jemez 


V.8 - Application software 


The protocol has been designed to demonstrate 
typical applications of the ST7536. 


All the slaves have been programmed with one 
program. With this program it is possible to set a 
load (simulated by a LED) on or off. This load can 
be for example (depending on the application) a 
traffic light. With this program it’s also possible to 
read data (simulated by 8 switches) from an exter- 
nal measure system, and send this data to the 
master if requested. The measure system, for ex- 
ample, can be reading an electricity meter. Remote 
reading these meters, can save the costs for man- 
ual reading (such a system is allready operational 
in Italy). So there has been written 1 program for 
the slaves, that can simulate different applica- 
tions. 


Each typical application should be programmed in 
the master. It gives the possibilty to demonstrate 
different applications without reprogramming all the 
slaves. 


One application program has been developed for 
the master.It demonstrates the good functioning of 
the system: a remote heater control. With this 
application it’s possible to control in a building in 
each room the heater (which is equipped with an 
ST7536). The LED on the slave simulates in this 
case the heater. With the master each heater can 
be set manual on or off, and even more, the master 
can regulate automatically the heater, by reading 
out the room temperature. This temperature is 
simulated with the 8 switches on the slave. The 
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master has 4 different commands: 


1:(00) manual off 00000000 heater on 
2:(01) manualon Temperature: 00001111 
3:(10) not used 00010000 
4:(11) automatic control > 11111111 heater off 


V.8.1 - ST6 programs 


The programs for both the master and the slave 
have been written in assembly language. An as- 
sembler is used to create the executable code. A 
special ST6 kit is used to debug the programs. The 
EPROMSs are also programmed with this kit. The 
program memory size of the ST62E15 is 2K byte. 
The slave program is 1.6K byte, the application 
program for the master 1.8K byte long. 


Some subroutines are used in both the master and 
the slave program, like the transmit/receive subrou- 
tines and the error decoding. 


From both programs the most important subrou- 
tines are described on the next pages. The flow 
charts that are used do not give a detailed repre- 
sentation of the subroutines, but are used to ex- 
plain the structure of the subroutine. 


V.8.1.1 - Slave program 
Figure 35 


LOAD WATCHDOG 
CALL SET_UP 
CALL RECEIVE 
CALL DECODE 


received destination 
= home address ? 


received command 
= data request ? 


READ MEASURE DATA 
CALL TRANSMIT 


In the main program first of all the watchdog is 
(re)loaded. The watchdog is a down-counter that 
generates a reset when it’s not in time reloaded. It 
provides a recovery from a software upset. 


Then the home address is read from the switches 
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in the set-up routine. The slave will go in receive 
mode and be maintened until a complete frame is 
received. 


After that the contents of this frame is decoded. In 
the decode subroutine the bytes are corrected and 
depending on the received command the led is set 
on or off. 


If the received destination address was the slaves 
home address and the received command was a 
data request the (Simulated) measure data is read 
and then transmitted to the master. 


Receive subroutine 


The receive subroutine is used to read a frame. It 
ignores all the RxD until the system address is 
received. When it is received for the second time, 
the next bytes of the frame are read and stored. To 
read the RxD this subroutine uses the read_bit 
subroutine which is discribed on the next page. 


Figure 36 


CALL READ_BIT 


RX-PATTERN = 
SYSTEM ADDRESS ? 


YES 


| CALL READ_BIT (8X) 
RX-PATTERN = 
NO SYSTEM ADDRESS ? 
YES 


CALL READ_BIT (8X) 
RX_PATTERN—- RX_DEST1 
CALL READ_BIT (8X) 
RX_PATTERN > RX_DEST2 
CALL READ_BIT (8X) 
RX_PATTERN— RX_DEST3 


CALL READ_BIT (8X) 
RX_PATTERN — RX_CONTROL1 
CALL READ_BIT (8X) 
RX_PATTERN > RX_CONTROL2 
CALL READ_BIT (8X) 
RX_PATTERN — RX_CONTROL3 


CALL READ_BIT (8X) 
RX_PATTERN > RX_DATA1 
CALL READ_BIT (8X) 
RX_PATTERN— RX_DATA2 
CALL READ_BIT (8X) 
RX_PATTERN > RX_DATA3 
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First of all the Rx/Tx line is reset. The ST7536 and 
the powerline interface will then be in receive 
mode. Then the read_bit subroutine is called, which 
will add the next received bit to the Rx_pattern. As 
long as the system address is not received, the 
programs continue read the RxD. 


When the system address is received, the next 8 
bits will be loaded using the read_bit subroutine, 
and after that the Rx_pattern should contain again 
the system address. If this is not the case this 
procedure starts again. Else the next bytes will be 
read and stored. 

First the 3 destinatlon addresses. The read_bit 
subroutine is called 8 times and the Rx_pattern will 
then contain the next byte (Rx_dest1 ) which is 
stored. The next 2 bytes (Rx_dest2, Rx_dest3) are 
read in the same way. 

When the destination addresses are received the 
control bytes and the data bytes are received and 
stored in the same way. 


Read-bit routine 

This routine is used to read the RxD is presented 
on PC7 (for the master on PC5). The ST7536 
delivers valid data on the positive edge of its clock. 
The inverted clock is used as the NMI input of the 
ST6. This NMI is falling edge sensitive - > an NMI 
will be generated on the positive edge of the 
ST7536 clock. This means that the RxD should be 
read immediately after a NMI interrupt. The re- 
ceived bit is then added to the (Rx_)pattern. 


Figure 37 


READ_BIT 


LOAD WATCHDOG 
WAIT FOR NMI 


RX_PATTERN + ACCU 


SHIFT LEFT ACCU 


PC7 (RXD) = "1"? 


NO 


RESET ACCU bO 
ACCU > RX_PATTERN 


First of all the watchdog is reloaded. 


Then the ST6 will wait for the NMI (interrupt). The 
Rx_pattern is loaded into the accumulator and then 
shifted left. If the received data bit is a "1" the next 


SET ACCU b0 
ACCU — RX_PATTERN 
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bit (b0 in the accumulator) is set to "1". If the 
received bit is a "O", this bit will be set to "0". 


At the end the new pattern is stored. 


Transmit subroutine 


This subroutine uses the send 8-bit subroutine to 
send a 8-bit pattern. This subroutine is discribed on 
the next page. 


Figure 38 


TRANSMIT 


SET Rx/Tx "1 
WAIT SMS 


SEND 2 x PREAMBLE 
SEND 2 x SYSTEM ADDRESS 


SEND 3 x DESTINATION ADDRESS 
SEND 3 x CONTROL BYTE 
SEND 3 x DATA BYTE 


In the transmit subroutine first off all the Rx/Tx line 
is set "1". The ST7536 and the powerline interface 
are then in transmit mode. Typical carrier stabilisa- 
tion time of the ST7536 is 5ms. Therefore the 
program waits this time before sending all the 
bytes. 

First the preamble (10101010) is send 2 times and 
then the system address. The destination address, 
the control byte and the data byte are send 3 time. 
This is done with the send 8-bit subroutine. 


Send 8bit pattern subroutine 


The ST7536 samples the TxD on the positive edge 
of the clock. The inverted clock is used as the NMI 
input of the ST6. On the positive edge of the clock 
(CLR/T) an NMI interrupt occurs. The software 
waits then 304 machine cycles before changing the 
TxD. When the TxD is changed it waits for the next 
NMI and again 304 cycles before storing the next 
TXD on PC5. Using these delays it is possible to 
present the ST7536 valid TxD on the positive edge 
of its clock. Both 600 (channel 1/2) and 1200 
(channel 3/4) baud bitrates can be handled this 
way. 
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Figure 39 


Figure 40 


Figure 41 


ies. 
wait 304 


wait for nmi 


bit bit 


Pay 
wait 304 


——- 


wait for nmi 


bit bit 


SEND 8 BIT PATTERN 
LOAD WATCHDOG 
8 + COUNTER 


WAIT FOR NMI 
WAIT 304 CYCLES 
ROTATE LEFT ACCU 


SET PC5 RES PC5 
COUNTER = COUNTER - 1 


counter = 0 ? 
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nmi 


—_—_———P- 


255 


In the subroutine the watchdog is (re)loaded. Then 
the counter is set at 8. The ST6 waits for the NMI 
and then 304 cycles. The accumulator contains the 
pattern that has to be transmitted. This pattern is 
shift left; the carry bit will contain b7, b7 will contain 
b6 etc. If b7 was a "0" PC5 (the TxD output of the 
ST6) is reset, if it was a’ 1’ PC5 is set. Bit7 is then 
transmitted. 


The counter is then decreased by 1, the software 
waits the same time, and the accumulator is shift 
left again. The carry bit will then contain b6 of the 
pattern that should be transmitted. The same as 
before, this bit is transferred to the TxD output. 


This is also done with b5..b0. If bO is trans- 
ferred(transmitted) the counter will be 0. And then 
the ST6 will jump out of the subroutine. 


Decode subroutine 


When a frame is received the main program jumps 
to this subroutine. In this subroutine first of all the 
error correction is called. After the correction, de- 
scribed below, the subroutine checks if the desti- 
nation address of the frame was the home address 
of the slave. In this case, and then the control byte 
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indicates a command in the data byte, the subrou- 
tine decodes the data byte. Then there is a jump 
out of the subroutine (See Figure 42) 


Three commands are used in this program : 


1: data=00000001 —- °#LEDoff. 

2: data =00000010 -— ¥LEDon. 

3: data=00000100 -—- _ data request. 
Depending on the received data byte the led will be 
set on or off, or in case of a data request, the ST6 
reads the data on the system. 


Figure 42 


DECODE 
CALL ERROR CORRECTION 


Error correction subroutine 


In this subroutine the bits of the 3 received bytes 
are compared. The resulting should be set ("1") if 
at least 2 out of 3 received bit are set. If 2 or more 
received bits are reset, the resulting bit should be 
reset ("0"). All the bits of the bytes are tested this 
way. This is done bit by bit (bit x), using the same 
procedure (see Figure 43). 


V.8.1.2 - Master program 


For the master one application program is set up. 
It presents the ST7536 in a central heating control. 
The receive, transmit and error correction subrou- 
tines are almost the same as described for the 
slave program. The master has a 2 bit command 
input (PC6/PC7). 

After reading the command itis checked if it’s anew 
command or an old command. The program con- 
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tinues if a new command is read (from the 
switches). Then this command is decoded : 


PC6/7: 00 heater off 

PC6/7: 01 heater on 

PC6/7:10 — not used 

PC6/7: 11. — automatic control 

The program will jump to the subroutine corre- 
sponding to the command that is decoded; the 
automatic, manual on or manual off subroutine 
(see Figure 44). 


—- 
—- 


Figure 43 


ERROR CORRECTION 


Figure 44 


READ COMMAND 
<> NEW COMMAND ? 


YES 
AUTOMATIC ? 


CALL AUTO 


MANUAL ON ? 


CALL MAN-ON 


r | CALL MAN-OFF 


MANUAL OFF ? 
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Automatic control subroutine 


In this subroutine the master compares the receive 
data (temperature) from the slave to the reference 
value (00001 1 1 1). If the data < reference the 
heater is set on, else the heater is set off. 


First the master sends a datarequest command to 
the slave. Then it goes in receive mode, to wait for 
the response of the slave. The received frame is 
then corrected, and the received destination ad- 
dress and control byte are checked. If the control 
byte indicates a response the received data is 
compared to the reference value (00001111). If the 
received data < the reference, a heater on com- 
mand will be transmitted, else a heater off com- 
mand. After that the command input is checked to 
be still an automatic control command. In this case, 
the master will continue with controlling the heater 
(see Figure 45). 


Manual on/off subroutines 


Although these routines are very simple, their func- 
tions are given in the flow charts below, to have a 
complete overview of the application program. The 
manual on subroutine sends a frame containing a 
heater on command, the manual off routine a frame 
containing a heater off command (see Figure 46). 


V.8.1.3 - Evaluation of the software 


The used protocol seems to be rather effective and 
functional. The system has been tested on very 
noise powerline networks, and no (software) prob- 
lems occured. The ST6 programs have been writ- 
ten and tested step by step. When the programs 
were operating according to the protocol they have 
not been ‘re-written’. Therefore the programs might 
not be as well structured as possible. For final 
application software, it might be usefull to evaluate 
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the programs, and then rewrite some subroutines. 
The program size may be decrease, and a 'clean 
up’ will make the programs easier to understand. 


Figure 45 


AUTOMATIC 


TRANSMIT DATA REQUEST 
CALL RECEIVE 
CALL ERROR CORRECTION 


RX_DEST = MASTER ADR ? 


Figure 46 


MANUAL_OFF MANUAL_ON 
TX HEATER ON 


TX HEATER OFF 
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ANNEXE A 
Figure 47: B.E.R. ST7536 Application Board Figure 48: B.E.R. Channel 3 (72kHz.) ST7536 
Comparison of channel 1/2/3/4 board input imV & 5mV versus 
T = 25°C, Line Input = 1mV stand alone ST7536 RAI input 3mV 
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Figure 49 : 
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B.E.R. comparison - ST7536 board Figure 50: B.E.R. comparison - ST7536 board 
versus Stand alone ST 7536 versus Stand alone ST7536 
T = 25°C, Channel 1 (82kHz) T = 25°C, Channel 2 (67kHz) 
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Figure 51: B.E.R. comparison - ST7536 board 
versus stand alone ST7536 
T = 25°C, Channel 3 (72kHz) 
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Figure 52: B.E.R. comparison - ST7536 board 
versus stand alone ST7536 
T = 25°C, Channel 4 (86kHz) 
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ANNEXE B : B.E.R. ST7536 APPLICATION BOARD (Signal/Noise frequency spectra) 


Figure 53: Channel 1 (82kHz) - S/N = -10dB, Input 1mV = -60dB 
FSK (-60dB) - 1mV 
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Figure 54: Channel 1 (82kHz) - S/N = -10dB, Input 1mV = -60dB 
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Figure 55: Channel 1 (82kHz) - S/N = -10aB, Input 1mV = -60dB 
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Figure 56: Channel 2 (67kHz) - S/N = -10dB, Input 1mV = -60dB 
FSK (-60dB) - 1mV 
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Figure 57: Channel 2 (67kHz) - S/N = -10dB, Input 1mV = -60dB 
Noise (-70dB) 
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Figure 58: Channel 2 (67kHz) - S/N = -10dB, Input 1mV = -60dB 
FSK + Noise 
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Figure 59: Channel 3 (72kHz) - S/N = -10dB, Input imV = -60dB 
FSK (-60dB) - 1mV 
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Figure 60: Channel 3 (72kHz) - S/N = -10dB, Input 1mV = -60dB 
Noise (-70dB) 
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Figure 61: Channel 3 (72kHz) - S/N = -10dB, Input 1mV = -60dB 
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Figure 62: Channel 3 (72kHz) - S/N = -10dB, Input SmV = -46dB 
FSK (-46dB) - 5mV 
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Figure 63: Channel 3 (72kHz) - S/N = -10dB, Input 5mV = -46dB 
Noise (-56dB) 
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Figure 64: Channel 3 (72kHz) - S/N = -10dB, Input 5mV = -46dB 
FSK + Noise 
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Figure 65: Channel 4 (86kHz) - S/N = -10dB, Input 1mV = -60dB 
FSK (-60dB) - 1mV 
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Figure 66: Channel 4 (86kKHz) - S/N = -10aB, Input 1mV = -60dB 
Noise (-70dB) 
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Figure 67: Channel 4 (86kHz) - S/N = -10dB, Input 1mV = -60dB 
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By Joél HULOUX and Laurent HANUS 
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HOME AUTOMATION CONCEPT 


Kenneth P. Wacks, consultant to the home auto- 
mation industry, has written an article clearly defin- 
ing the concept of home automation. An extract is 
given below : 


",.. Over the past six years a new industry called 
"home automation" has been developing. This in- 
dustry will create the next generation of consumer 
appliances. The primary value added by home 
automation is the integration of products and serv- 
ices for household use. Afew small companies are 
marketing home automation systems. Large com- 
panies and institutions are exploring this emerging 
industry to determine the market potential. 


Acommunication network in the house will provide 
the infra-structure for linking appliances, sensors, 
controllers, and contro! panels inside the house. 
This has become feasible by tailoring the commu- 
nications technologies developed for office auto- 
mation to the home environment. 


1.1 - Home Automation Appliances 


In home automation, the term "appliances" refers 
not only to the familiar kitchen, audio/video, and 
portable appliances, but also to the components of 
a heating and cooling system, a security system, 
and lighting features. Home automation covers a 
broad range of products and services intended for 
consumer use. These items are expected to share 
some common attributes, among which are : 
- Emphasis on Subsystems : 
Most appliances in houses today are self-con- 
tained in metal or plastic cabinets. Each appli- 
ance operates independently to the others. Each 
appliance has a different set of user control. 
Appliances in a home automation environment 
are able to exchange data. This allows appliances 
to be grouped into subsystems. Examples range 
from familiar subsystems, such as security and 
audio/video systems, to sophisticated lighting 
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lights. Afuture subsystem might permit a washing 
machine or a dish-washer to request that a water 
heater preheat water when needed or when the 
energy cost is lowest. 

Incorporation of Communications Standard : 
some of the subsystems mentioned already ex- 
ist. However, the components of each are inter- 
connected using custom-designed technologies 
and custom wiring. Home automation standards 
will relieve the manufacturer of the need to invent 
an ad hoc communications protocol and to pro- 
vide wiring for data signals. 

Diverse Locations : 

Once communications standards are developed, 
manufacturers will be able to locate components 
of appliances outside the cabinet. Control panels 
could be placed where convenient for the user, 
not necessarely mounted on the cabinet. Related 
appliances, such as clothes washer anda clothes 
dryer, could share a control panel so the knobs 
and dials are consistent and easier to operate. 


1.2 - The Growth of the Industry 


Communications technology and standards play 
important roles in forecasting the home automation 
industry. However, the development of applications 
to use these technologies will set the growth rate 
that simplify routine activities, spark a desire con- 
sumers, or Save money. 


Thus, the growth rate of the home automation 

industry is ultimately determinated by the actions 

of appliance manufacturers. Key among these de- 

cisions are : 

- Adoption of an Emerging Communications 
Standard : 
The appliance manufacturers will greatly influ- 
ence the establishment of a particular communi- 
cations standard. They may even force an 
amalgamation of standards from among the cur- 
rent contenders. 
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- Create New Appliances or Appliances Features : 
The development of standard communications 
methods can benefit manufacturers and consum- 
ers. The design staff would more likely be encour- 
aged and financed to invent appliances that 
depend on the exchange of data if a communica- 
tions infra-structure were already in the house..." 


ll - INTRODUCTION 


In the latest generation of home automation sys- 
tems, appliances can exchange information by 
transmitting data over the domestic mains wiring. 
As a result there is no need to install extra control 
cables and appliances can be connected to the 
"network" simply by plugging them into the nearest 
wall socket. Apart from the obvious saving in instal- 
lation cost, this virtual network also makes modifi- 
cation and enhancement very simple since new 
devices just have a wall socket to be instantly 
connected to the network. 


What makes these systems feasible is a new dedi- 
cated modem integrated circuit, the SGS-THOM- 
SON ST7537 Home Automation Modem IC, 
developed specifically for this new high volume 
consumer market as part of a European Commu- 


Figure 1 : Typical Household Scenario 
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nity "ESPRIT" project on domestic automation. 


A typical household scenario is shown in Figure 1, 
where various appliances, sensors, utility controls, 
a telephone interface and a TV screen display are 
all connected to the power line using power line 
modem. 


If this automated house catches fire the detector 
will send a warning message over the line. This will 
be picked up by the gas control which can cut off 
the gas supply, by an alarm system that can alert 
anyone in the house, and even by the telephone 
interface that can call the emergency services. 


The telephone interface also allows the house- 
holder to give instructions to appliances from out- 
side. You might, for example, phone home and tell 
the air conditioner to precool certain rooms at a 
specified time. 


Where there is a limit on energy consumption, or 
where demand energy pricing is used (now that the 
technology is available this is likely to be applied 
extensively in future) various appliances can nego- 
ciate power requirements through an energy con- 
trol system. For example, a washing machine can 
agree with the heating system when it can start a 
cycle to avoid sudden and unnecessary peaks of 
demand. 
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lil - THE ELECTRICAL NETWORK 


Research has been done on the communication 
properties of the residential power circuit by J.B 
O’Neal Jr. An extract of his written work is pre- 
sented below : 

"... The primary objective in most residential power 
line carrier systems is to communicate information 
from one power outlet in a residence to another. 
The communication medium, therefore, consists of 
everything connected on power outlets. This in- 
cludes house wiring in the walls of the building, 
appliance wiring, the appliances themselves, the 
service panel, the triplex wire connecting the serv- 
ice panel to the distribution transformer and the 
distribution transformer itself. Since distribution 
transformers usually serve more than one resi- 
dence, the loads and wiring of all residences con- 
nected to the same transformer must be included. 


Ill.1 - Impedance of Power Lines 


The most extensive data on this subject has been 
published by Malack and Engstrom of IBM (Elec- 
tromagnetic Compatibility Laboratory), who meas- 
ured the RF impedance of 86 commercial AC 
power distribution systems in six European coun- 
tries (see Figure 2). 

These measurements show that the impedance of 
the residential power circuits increases with fre- 
quency and is in the range from about 1.5 to 802 
at 100kHz. It appears that this impedance is deter- 


mined by two parameters - the loads connected to 
the network and the impedance of the distribution 
transformer. The loads at a neighbor's residence 
can effect this impedance. Wiring seems to have a 
relatively small effect. The impedance is usually 
inductive. 

For typical resistive loads, signal attenuation is 
expected to be from 2 to 40dB at 150kHz depend- 
ing on the distribution transformer used and the 
size of the loads. Moreover, it may be possible for 
capacitive loads to resonate with the inductance of 
the distribution transformer and cause the signal 
attenuation to vary wildly with frequency. 


Ill.2 - Noise 


The principal source of noise is caused by appli- 
ances connected to the same transformer secon- 
dary to which the power line carrier system is 
connected. The two primary sources of noise will 
be triacs used in light dimmers and universal mo- 
tors. Triacs generate noise synchronous with the 
50Hz power signal and this noise appears as har- 
monics of 50Hz. Universal motors found in mixers, 
sewing machines, and sanders also create noise, 
but it is not as strong as light dimmer noise, and not 
generally synchronous with 50Hz. Furthermore, 
light dimmers are often left on for long periods of 
time whereas universal motors are used intermit- 
tently. The Figure 3 shows noise sources as well 
as background noise in a typical residential envi- 
ronment. 


Figure 2 : Aggregate European Power Line Impedance (by Malack and Engstrom) 
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Figure 3: 


Voltage spectra for 3 universal motors compared to light dimmers operating into the 60Hz 


power circuit (by Vines, Trussel, Gale and O’Neal Jr.) 


111.3 - Standing Waves 


Standing wave effects will begin to occur when the 
physical dimensions of the communication medium 
are similar to about one-eight of a wavelenght, 
which is about 375 and 250 meters at 100 and 
150kHz respectively. The length of the communi- 
cation path on the secondary side of the power 
distribution system will be determined primarily by 
the length of the triplex wire connecting the resi- 
dences to the distribution transformer. Usually, sev- 
eral residences use the same distribution 
transformer. It would be rare that a linear run of this 
wiring would exceed 250 meters in length although 
the total length of branches might occasionally 
exceed 250 meters. Thus standing wave effects 
would be rare at frequencies below 150kHz for 
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lll.4 - Typical Connection Loss (see Figure 4) 


We notice two classes of value at a transmit fre- 

quency of about 130kHz : 

- from 10dB to 15dB : in this case, the transmitter 
and the receiver are connected to the same 
branch circuit. 

- from 20cB to 30dB : in that case, the transmission 
path goes from one branch circuit to another 
through the service panel which induces an addi- 
tional attenuation of 10dB to 20cB. 


Therefore, the transmit range of a home automat- 
ion system depends on the physical topology of the 
electric power distribution network inside the build- 
ing where the system is installed. 
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Figure 4 : Static Attenuation for Several Paths (by Daniel CHAFFANJON) 
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IV - ST7537 POWER LINE MODEM 


Fabricated in analog CMOS technology, the 
ST7537 transmits and receives data up to 1200bps 
in half duplex mode using a carrier frequency of 
132.45kHz, complying with Europe’s CENELEC 
EN 50065 standard (which specifies the use of 
125kHz to 140kHz carrier frequencies for home 
automation) and US FCC regulations (which speci- 
fies the use of carrier frequencies lower than 
450kHz). 


Frequency-shift keying is used for transmission, a 
fundamental design choice that makes it possible 
to achieve rugged transmission in a very noisy 
electrical environment at an affordable cost for high 
volume consumer markets. Among the alterna- 
tives, amplitude-shift keying is too susceptible to 
noise and spread-spectrum, though theoretically 
more reliable, requires complex and costly circuits. 
Moreover, field trials in a critical remote utility meter 
reading application have proven the dependability 
of the SGS-THOMSON approach. 


Included on the chip are all of the functional blocks 
necessary for the transmission and reception of 
data over power lines. In addition to this IC the only 
external components needed are a line driver and 
a transformer, plus, of course, the microcontroller 
that prepares and interprets message data. 


Transmit data enters the FSK modulator asynchro- 
nously with a nominal intra-message data rate of 
1200bps. Inside the modulator, the data is trans- 
formed into two frequencies (133.05kHz for a "0" 
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+ kitchen/bedroom 


© kitchen/bathroom 
x kitchen/hall 


and 131.85kHz fora "1"), derived from an inexpen- 
sive 11.0592MHz crystal. 


The modulated signal from the FSK modulator is 
filtered by a switched-capacitor bandpass filter 
(TX bandpass) to limit the output spectrum and to 
reduce the level of harmonic components. The final 
stage of the transmit path consists of an operational 
amplifier which needs a feedback signal from the 
power amplifier. 


In the receive section, the incoming signal is ap- 
plied at the RAI input (with a typical sensitivity of 
1mVams) where it is first filtered by a switched-ca- 
pacitor bandpass filter with a pass band of around 
12kHz, centered on the carrier frequency. The out- 
put of the filter is amplified by a 20dB gain stage 
which provides symetrical limitation for overvol- 
tages. The resulting signal is downconverted by a 
mixer which receives a local oscillator synthesized 
by the FSK modulator block. 


Finally, an intermediate frequency bandpass filter 
whose central frequency is 5.4kKHz improves the 
signal-to-noise ratio before entering the FSK de- 
modulator. The coupling of the intermediate fre- 
quency filter output to the FSK demodulator input 
is made by an external capacitor which cancels the 
receive path offset. 


In the ST7537 there are two important additional 
functions: the carrier detector and the watchdog. 
Carrier detection is needed because in practically 
all applications more than two appliances will be 
connected to the power line. Before attempting to 
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transmit, an appliance must first check that there is 
no carrier present, and if there is, it must wait and 
retry later. 


The watchdog function is provided to ensure that 
the modem’s control micro is functioning correctly. 
Software in the micro must include instructions that 
send a pulse to the watchdog input of the ST7537 
at least once every 1.5s. If no negative transition is 
observed at this input for 1.5s a reset signal is 
generated to restart the micro. This watchdog 
monitor scheme ensures that any disruption 
caused by glitches are quickly corrected. 


V - DEMOBOARD FEATURES 


Power line interface 

The power line interface has been designed in 
order to follow the CENELEC EN 50065-1 and US 
FCC specification. It has to amplify and filter the 
output signal of the ST7537. 


Test pin 


It is possible to program the different test modes of 
the ST7537 with the switches SW1, SW2, SW3 and 
SW4 corresponding to TEST1, TEST2, TEST3 and 
TEST4. The most important test mode is TEST1 
which allows continuous transmission. 


RS232C interface 


On the application board, there is an RS232C 
interface allowing you to debug your system. This 
interface is connected to the ST7537 by four 
switches SW5, SW6, SW7 and SW8. 


Remark : It is mandatory to provide the watchdog 
clock to the ST7537. 


Wrapping area 
You can wire your application and do its debug by 


Figure 5 : Power Line Interface Description 
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connecting relevant digital signals to SW5, SW6, 
SW7 and SW8 (pin not used) and watchdog, mas- 
ter clock and RSTO. 


VI - HARDWARE DESCRIPTION 


Vi.1 - About CENELEC Specifications 


The CENELEC specifications are given for an 
imaginary network (50Q/ 50uH + 5Q) simulating 
the power line. This network looks like a 54Q 
impedance at a transmit frequency of 132.45kHz. 
The transmitted signal is measured in relation to a 
reference of this network (See Annexe B). With this 
configuration, some of the specifications are : 

- maximum output level : 116dBuV 

- harmonics level of less than 46dBuV mean. 


In this chapter, the transmitted signal is measured 
between the phase and the neutral of the simulated 
power line. Then, the measured voltages are twice 
the ones measured with CENELEC test configura- 
tion. Thus, it is necessary to add 6dBuV to the 
specifications given above : 

- maximum output level : 122dBuV 

- harmonics level of less than 52dBuV mean. 


Henceforth, these values will be used . 


VI.2 - Power Line Interface 


The power line interface connects the ST7537 to 

the power lines and meets the CENELEC and FCC 

specifications. It has the following functions : 

- intransmit mode : to amplify and filter the transmit 
signal (ATO) from the ST7537 

- in receive mode : to provide received signal from 
powerlines to the receive input (RAI) of the 
ST7537 

- protection against spikes and overvoltages. 

It is composed of a line driver and a line interface 

as it is shown in Figure 5. 


LINE INTERFACE 


MAINS 
50/60 Hz 
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In transmit mode, the power line interface has to 
be able to drive, via the line interface, power lines 
with impedances from 1 to 100Q. The line interface 
is not only used to put signals on the power line. It 
is also used as a bandpass filter, in order to reduce 
the harmonics of the transmit signal to a level of 
less than 52dBuV . 


In receive mode, the line driver is switched off to 
avoid the low output impedance of the line driver 
attenuating the received signals and to save en- 
ergy costs. 


V1.2.1 - The Line Driver 


The line driver has to amplify the output signal 
(ATO) of the ST7537 (see Figure 6). 


First, anormal Push-Pull amplifier has been set up 
with two bipolar transistors Q4 (2N2222) and Q3 
(2N2907). These types of transistors (2N2222 and 
2N2907) have been chosen as they are cheap and 
widely used. 


The resistors R4, R5, R10 and R12 degenerate the 
emitter of Q5, Q4, Q1, Q3 in order to define the bias 


Figure 6 : Power Line Interface Schematics 
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current of the ouput branch independently of the 
mismatch of the transistors. The Push-Pull is polar- 
ized with two common collector amplifiers com- 
posed of Q1 (2N2222) and Q5 (2N2907). As far as 
resistors R7 and R11 are concerned, their value 
(180) has been defined to obtain the optinum 
performances of the amplifiers thus define the bias 
current of the system. 


The bipolar transistors Q2 (2N2222) and Q6 
(2N2907) are used to switch off the power amplifier 
during the receive mode, thanks to the ST7537 
output signals PABC and PABC which follow the 
Rx/Tx mode. 


In order to avoid thermal runaways, it is mandatory 
to connect thermically Q1/Q4 and Q3/Q5. This is 


possible since the collectors of the transistors used - 


are connected to the metal package. Conse- 
quently, both transistors will have the same tem- 
perature. 


Main characteristics of the line driver : 
- voltage gain = 1 

- high input impedance 

- low output impedance 


Qi, Q2, Q4 = 2N2222 : 
Q3, Q5, Q6 = 2N2907 | 
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VI.2.2 - The Line Interface 


In order to adapt the line driver to the power line, a 

transformer is used (see Figure 6). This trans- 

former has : 

- to isolate the rest of the interface from the power 
line 

- to put the transmit signal on the power line 

- to extract the received signal from the power line 

- to filter 50HZ/60Hz signal coming from the power 
line 

- to filter the harmonics of the transmit signal. 

The used transformer is a TOKO T1002N. It has 

two primary windings and one secondary winding. 

The ratios of these windings are 4:1:1 (turns). 

Typical values of the transformer are : 

- L1t windings : 9.4uH 

- L4t windings : 140,H. 

The primary windings of the transformer are used 

to create a bandpass filter. The resonance fre- 

quency is set at the transmit frequency with C4. 

This capacitor is in parallel with the primary winding 

(1t/4t). The equivalent value for those two windings 

can be calculated according to : 


Leq=L1t+L4t+2M 
M=k- VLit- L4t 


With the given values : 
k = 1/2"? 
M = (9.4uH - 140uH / 2) 775 25.70H 
Leq =Lit+L4t+2-M=200.7nH 


The resonance frequency of this LC network is 
dependant of C4 and Leq according to : 


| 
Fres = ————_——==—= 
2TU - VLeq -C4 


[eee Sees 
Leq - (270 - Fres)* 


For Fres = 132.45kHz > C4 = 7.2nF (6.8nF is 
chosen since it is the nearest capacitor value avail- 
able). 

The capacitor C4 must be very linear in order avoid 
harmonic distortion. That’s why a KS (styroflex or 
NPO ceramic capacitor) capacitor has been used. 
In order to filter the 50HZ/60Hz signal from the 
powerlines, C1 is used. The capacitor filters the low 
frequencies (50Hz/60Hz) and lets the high (Trans- 
mit) frequencies pass. It is a class X2 capacitor. 
These capacitors have a short circuit protection, 
which is absolutely necessary. Indeed if a short 
circuit in the capacitor occurs, the 50H2/60H filter- 
ing is lost, and the powerline interface will be 


destroyed, or worse, danger might occur for per- 
sons working with the interface and the ST7537. 
Moreover, since the TOKO transformer cannot 
overcome higher than 800V spikes, the safety 
norms are not met and the capacitor C1 is required 
to comply with them. An additional capacitor C21 
is used as the phase location is unknown. 

As a final protection against any possible spikes, a 
transil (TRL 1) is used. It is a 6.8V bidirectional type. 
If a voltage greater than 6.8V appears, voltage 
between pins of the system will be set to 6.8V, 
protecting the other parts of the power line interface 
from damage. 

Ri is added to discharge C1 after disconnecting 
the interface from the powerline. Without this resis- 
tor, C1 will not be discharged and schock hazard 
might occur if Someone touches the powerline 
connector. This resistor is only useful in evaluation 
systems. In all other cases where disconnection 
from the power line never takes place, R1 can be 
removed, saving undesired energy loss. 


VI.2.3 - The Power Line Interface 


The complete power line interface has been de- 
scribed in the two preceding parts. The interface 
has to be connected to the ST7537 as described in 
Figure 7. 

The ATO and RAI are the analog output and input 
from/to the ST7537. The control of the transmit/re- 
ceive mode is made with PABC and PABC signals 
from the ST7537. A high output (+10V) on PABC 
line selects the transmit mode, whereas a low 
output (OV) selects the receive mode. 

The "pwr" outputs are the power line connections. 
On the application board, these connections are 
located close to C1 and the transformer in order to 
avoid long tracks carrying high voltage. 


VI.2.4 - Performances of the power line inter- 
face 


The following tests have been done on the power 

line interface : 

- output impedance of the powerline interface ver- 
sus the frequency 

- Bit Error Rate (BER) test 

- spectrum analysis of the transmit signal. 


V1.2.4.1 - OUTPUT IMPEDANCE OF THE POWER 
LINE INTERFACE VERSUS THE FREQUENCY 


The output impedance of the power line interface 

is measured with an impedance analyzer as it is 

shown in Figure 8. The board is set in receive 

mode. 

The results are given in annexe B. 

Test equipment : 41924 LF Impedance Analyzer 
5Hz-13MHz (Hewlett Packard) 

Test conditions : T =+25°C 
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Figure 7 : Power Line Interface Inputs and Outputs 
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Figure 8 : Output Impedance Measurement Configuration 
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V1.2.4.2 - BER TEST 


Two boards are required : one for the transmission, 
the other one for the reception. 


White noise is added to the ATO transmit output of 
the ST7537 thanks to a mixer. The aim is to meas- 
ure the BER under different Signal/Noise ratio con- 
ditions. The mixed signal is transmitted to the RAI 
receive input of the modem. The digital signal 
injected in TxD is a 2'°-1 pseudo-random pattern 
long, generated by a bit error rate analyzer (with 
internal 1.2kHz asynchronous clock). 

Inthe reception board, a 1.2kHz clock (CRX) is built 
thanks to the ST7537 MCLK clock. The received 
digital signal RxD is amplified (RxDL) and synchro- 
nized with the CRX clock. Both of them (CRX and 
RxDL) are analyzed by the BER analyzer. 

The measurements are made with different RAI 
input level. The Figures 10 and 11 gives respec- 
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POWER LINE 


IMPEDANCE 
ANALYZER 


tively the B.E.R with a RAI input level of 
10.023mVrams and 1.14mMVrwms . 


Conclusion 

Under the test conditions of the ST 7537 specifica- 
tion (RAI = 10mVrms and S/N = 15dB) the BER is 
4.10-7. With an RAI input level of 1.14mVams the 
BER is around 10-4 with the same S/N ratio. There- 
fore, the ST7537 is able to communicate with low 
input signal level of about 1mVrms. This test illus- 
trates the high sensitivity of the power line modem. 


In Figure 10, the measured BER (with an RAI input 
level of 10mVrms) is compared with the theorical 
BER of a conventional BFSK modulator/demodu- 
lator. 


Test equipment: SI7703B BER analyzer 
Rhode and Schwariz noise 
generator 

Test condition: T=+25°C 


Sol 
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Figure 9 : BER Test Configuration 
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Figure 10: BER Test for an RAI Input Amplitude of 10.023mVaRmus 
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Figure 11: BER Test for an RAI Input Level of 1.144mVrms 
917537 B.E.R 


T-26c Baud rate = 1200 


= PE 


1,00E-03 


1,000E-04 


1,000E-05 
10 


V RAI = 1.14 mVims 


BIN (dB) 


—=— VRAI=1.14mVrms 


V1.2.4.3 - TRANSMIT SIGNAL SPECTRUM 
ANALYSIS 


The transmit output signal of the power line inter- 
face is measured with the power line simulated by 
resistors : R= 1, 5, 10, 50, 100Q. 

A spectrum analyzer is used to display the output 
signal frequency spectrum of the power line inter- 
face (see Figure 12). 


In a first design of the board, a 2.20 resistor was 
used instead of the inductance L1. In this configu- 
ration, whatever the power line impedance, the 
output level was at least 106dBuV up to 119dBuV 
(see Figure 13). Thus no communication problems 
had been noticed during the test session. 

To improve the frequency spectrum of the transmit 
signal, the resistor has been replaced by an induc- 
tance Li of 68uH, 1.6Q (see Figures 14 and 15). 


Figure 12 : Spectrum Analysis Configuration 


R : 1/5/10/50/100 ohm 
TXD : "0"/ "1" (0V/+5V) 
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However, tests on a real site showed that the 
transmit level was very low with this inductance in 
case of low power line impedance : with an imped- 
ance of 1Q, the output level is 87dBuV, so that 
communication difficulties occur. At the transmit 
frequency (132.45kHz), the inductance looks like 
an impedance of about 56Q, which introduces 
significant attenuations on the transmit signal com- 
pared to those induced by the 2.2 resistor. 


To improve the output signal amplitude, the induc- 
tance value must be modified. A compromise has 
to be found between filtering the pertubation volt- 
ages and lowering the impedance of the induc- 
tance at the transmit frequency. An inductance of 
10 WH (0.8Q) has been chosen which looks like an 
impedance of 8Q at 132.45kHz frequency (see 
Figures 16 and 17). 
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Figure 13: Output Transmit Level (dBuV) with Figure 14: Output Transmit Level (dBuV) with 
2.2Q Resistor 68H Inductance 
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Figure 17 : Second and Third Harmonics Level Figure 18 : Demoboard Transmit Performances 
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VOUT/H2 and VOUT/HS variations with the 10uH W 
inductance versus the power line impedance are R power line (ohm) 
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Test results CENELEC specifications FCC specifications 
(with L1 = 10,H) 
VOUT < 122 dBuV VOUT < 122 dBuV, 


H2 < 39 dBuv H2 < 56 dBuV mean H2 < 48 dBuV (extended to 60 dBuV) 
H3 < 49 dBuv H3 < 52 dBuV mean H3 < 48 dBuV (extended to 60 dBuV) 
VOUT/H2 > 70 dB 

VOUT/H3 > 65 dB 

Conclusion 


With L1 = 10 UH, the required harmonics level is reached and the output voltage is smaller than 122 dByv. 
Therefore, the power line interface is fully operating according to the CENELEC and FCC specifications. 
Moreover, for very low power line impedances, the output transmit level is high enough to ensure a good 
communication quality. 


Test equipment: 3585A Spectrum Analyzer 20HzZ-40MHz (Hewlett Packard) 
Test conditions:  T=+25°C 
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V1.3 - Carrier Detect 


The carrier detect output (CD) is driven low when 
the input signal amplitude on RAI is greater than 
Vep typically 5mVrwus for at least Tcp (typically 
4ms). When the input signal disappears or be- 
comes lower than Vcp, CD is held low for at least 
Top before returning to a high level. Vcp input is 
the carrier detection threshold voltage which is set 
internally. 


The graph, given in Figure 19, represents the mini- 
mum amplitude of the received signal which can be 
detected (which corresponds to CD = 0) according 
to the frequency. Thus input signals at a frequency 
of 133.05kHz (high logic level) and 131.85kHz (low 
logic level) can de detected at a very low level. For 
frequencies smaller than 129kHz or greater than 
150kHz, the detection is made at a very high level 
of input signal. Therefore, only significant frequen- 
cies received signals are detected. 


Figure 19 : RAI Input Minimum Detection Level 
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V1.4 - Improving Sensitivity 

In all modem, the carrier detector clamps the out- 
going digital data RxD when the incoming analog 
receive signal is below a defined level (carrier 
detector level 7537 typ = 5mMVrws). 


That means we are_loosing the data when the 
signal is less than CD level. 


Figure 20 
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In the ST7537, the clamping of CD on RxD is 
programmable thanks to TxD pin. 


Figure 21 
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So we are able to receive data even if the incoming 
analog receive signal is less than _5mV. When 
removing the clamping of RxD by CD we are able 
to get RxD data without error with a receive level 
of 400 micro Volt. 


Figure 22 
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As you can see on previous Figure even when RAI 
is lower than the carrier detect level we get the 
datas because TxD = "0". 

When TxD = "0" and the receive signal is not one 
of the 7537 (e.g Noise), the RxD is random (in most 
configuration the RxD is at "0"). 


Example of Implementation 


We have seen that by programming the TxD to "0" 
in receive mode we increase the sensitivity of the 
ST7537 because there is no more clamping by CD. 
You will be able to nave good communication with 
a receive signal of around 50dBuV which means a 
dynamic of around 70dB. 


Because we wantto get the benefit of the very good 
sensitivity of the ST7537, we will program TxD to 
"0" in receive mode and _ create by soft a frame 
detector. We will use the CD signal as mentionned 
by CENELEC only when we want to transmit a 
frame. 


Different software frame detector can be imple- 
mented depending of the ressources of your mi- 
crocontroller. 


You can program your microcontroller to go in 
receive frame when it received the expected byte. 
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Figure 23 


PREAMBLE EXPECTED BYTE 


RANDOM DATAS FRAME 


So the preamble is for demodulator training (when 
you start a communication the 3 first bits are lost 
by the receiver) and when you will match with 
expected byte the microcontroller will go in receive 
frame routine. 

On the ST6 microcontroller we have implemented 
the following frame detector. 


Figure 24 


We put TxD = "1" on the transmitter for around 4ms 
(for demodulator training) and after we send in 
asynchronous mode FFh following by the complete 
frame. 

On the receiver, we check that we have RxD equal 
to "1" for at least 7ms (we are looking for FFh), then 
we go in receive and we will have frame synchro- 
nization on the first start bit of the data. 

We did a trial in our lab with this system during 
2 hours without having the ST6 going in frame 
receive routine on bad datas dued to noise signal. 


V1.5 - Communication with a RS232C Interface 


The application board can be connected to a Per- 
sonal Computer (PC) thanks to the RS232C inter- 


7537-43 EPS 
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face. As the electrical levels of the RS232 port 
(+12V) do not match the electrical levels of the 
ST7537 (TTL levels 0/+5V), a MAX232 is used to 
make communication possible. This device has two 
RS232 receivers to convert RS232 levels into TTL 
levels and two RS232 transmitters to convert TTL 
levels into RS232 levels. The connections between 
the ST7537 and the RS232 interface are given in 
Figure 25. Not all the pins from the RS232 portare 
used. The RXD, TXD and Carrier Detect (CD) 
signals are directly converted. The Request To 
Send (RTS) line is used to set the ST7537 in 
receive or transmit mode, but also to give the PC a 
Clear To Send (CTS) signal. The Data Set Ready 
(DSR) line is connected to the Data Terminal Ready 
(DTR) line. This simulates the transmission of the 
DSR signal by the power line modem when the PC 
is ready. The RI output of the PC is only used for 
telephone network modems, and therefore it is not 
connected. If the RS232 port of the PC is used, it 
is necessary to provide the board with a watchdog 
clock (e.g : 1kHZ) in order to get the PC communi- 
cation working. A suggested clock generator is 
given Figure 26. It uses a NE555 timer working in 
astable mode. 


The output HIGH time of the clock is: 

tH = 0.693*(R1 + R2)*C1 

The output LOW time of the clock is : 

tL = 0.693*(R2)*C1 

Thus the total period T is: T =tH + tL 

The frequency of oscillation is : f = 1/T = 1/(tu + tL) 


Calculations provides the following results : 
R1 = 1kQ, R2 = 100kQ, C1 = 7nF. 


Figure 25 : Connections between ST7537 and RS232 Interface 
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Figure 26 : Watchdog Clock 
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RS232C Communication Problem 


We have discovered that with some computer the 
communication program does not work correctly. In 
some new PC generation the UART is sensitive to 
the RxD jitter and then shows characters errors on 
PLM communication. 


The following hardware avoid the jitter on RxD for 
the UART of the PC. 


Figure 27 
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After power-up the 7537 demoboard, you have to 
reset the receive recovery block. 


Before doing this extra hardware we recommend 
you to test your PC with the new program and if 
there are time to time some errors the hardware 
has to be adapted as shown above (you can use 
BCLKR for the watchdog clock). 
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VI.6 - Demoboard Communicating Application 


The ST7537 power line modem enables you to 
design “communicating” appliances, which meet 
your specific requirements and comply with the 
CENELEC specifications. Equipped with a single 
low-cost ST90E28 microcontroller, it makes it pos- 
sible to build a "smart" home network, where each 
device is able to use any information required either 
if it is local (sensors) or remote (inside any other 
communicating appliance). 

This paragraph is intended to provide design basics 
for the implementation of the ST90E28 on the 
ST7537 demoboard. 


V1.7 - Overview of the ST90E28 MCU 


The ST90E28 microcontroller chosen to equip the 
ST7537 demoboard is a 16Kbyte program memory 
EPROM version with 256 bytes of RAM and 
256 bytes of register file. Within this file, 224 gen- 
eral purpose registers are available as RAM, accu- 
mulators or index pointers, allowing code 
efficiency. This MCU has an internal clock gener- 
ator, a 16-bit watchdog timer for system integrity, a 
powerful serial communications interface (SCI) 
with included baud rate generator and outstanding 
character search capability, and a 16-bit multifunc- 
tion timer for complex user applications; it provides 
a reset input and up to 36 input/output pins, includ- 
ing 7 external interrupts and a non-maskable inter- 
rupt. 

Most of the instructions take 14 clock cycles: with 
a clock frequency of 11.0592MHz, one instruction 
lasts about 90ns. Connected to the ST7537, the 
microcontroller has to deliver a maximum bit rate 
of 1200 bauds: one bit is at least 833ys long. 
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VI.8 - Implementation of the ST90E28 MCU 


Two configurations have been set up, one for the 
slave appliances, and one for the master system. 
Both versions will have their address initialized in 
the software in this first release. Besides, they use 
one data output to display information about the 
main program execution by means of a led: you 
know that the main program is running well, when 
this led is blinking as the appliance is powered on. 
The main differences between the two controllers 
are the input/ouput facilities. 

The slave configuration provides an ouput that 
switches a load. This load will be simulated by a 
LED (see Figure 29). 

The master configuration provides a 3-bit com- 
mand input to control the slaves. This command will 
be simulated by a KEYBOARD : one key is avail- 
able for each slave, and one specific key enables 
the user to supervise all the slaves inside a room 
at once. This configuration also uses a 3-bit data 
output to let you know whether a particular slave is 
on, or whether the room is lit up. This information 
will be displayed by one led attached to the key 
dedicated to a particular device (see Figure 30). All 
the slaves addresses will be stored in the master 
version of the software. 


Furthermore, both configurations need a 7 bit data 
exchange with the ST7537 : clock, transmit data, 
receive data, reset, Rx/Tx control lines (see Fig- 
ure 31). No external component is needed to inter- 
face the microcontroller with the power line 
modem, allowing cost savings. 


- OSCIN (Pin 2) : The MCU oscillator is driven with 
the PLM master clock, so that no additional crys- 
tal is needed. In this case, the oscillator output pin 


Figure 29: Slave Configuration 


must stay unconnected. 


Port 5 bit 1 (Pin 42) : This output bit provides the 
PLM watchdog input with negative transitions, 
before the timeout end is reached. The watchdog 
pulses must be at least 500ns wide with a period 
of at least 800us and up to 1.5s. 


Port_5 bit O (Pin 43) : This output controls the 
Rx/Tx mode. When this bit is 0, the transmit mode 
is set, otherwise the receive mode is selected. 
Remember that the ST7537 switches automat- 
ically in the receive mode, when this bit is held at 
O longer than 1s. 

INT1 (Pin 26) : The PLM carrier detect signal 
channels through this external interrupt input pin, 
which is triggered on falling edge. On signal de- 
tection, the carrier detect output is driven low and 
generates an interrupt request. 

SOUT (Pin 30) : The microcontroller provides the 
ST7537 with Tx data by means of the SCI output. 
SIN (Pin 31) : The ST7537 provides the microcon- 
troller with Rx data through the SCI input. 

NMI (Pin 18) : The PLM reset output signal acts 
as an MCU external watchdog, in order to detect 
hardware or software failures. This signal chan- 
nels through the MCU external non maskable 
interrupt input pin, which is triggered on rising 
edge. When the power supply is too low or when 
no negative transition occurs on the PLM watch- 
dog input for more than 1.5s, the reset ouput is 
driven high and generates a top level interrupt 
request, which resets the microcontroller. As for 
the MCU internal watchdog timer, the watchdog 
mode is disabled, so that a second 16-bit pro- 
grammable timer is available for customer appli- 
cations. 
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Figure 30: Master Configuration 
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VL8.1 - Applicative Pin Configuration 

- Vss (Pin 1) : Digital Circuit Ground 

- Vpp (Pin 21) : Main Power Supply Voltage +5V. A 
decoupling capacitor of 47uF is connected be- 
tween Vpp and Vss pins. The Vpp of the micro- 
controller should be connected also to the DVcc 
of the ST7537 in order to reference the digital 
level of the ST7537. 


- RESET (Pin 3) : This input is active low. To restart 
the microcontroller, the reset key has to be 
pressed (see Figure 32). A capacitor (2.2uF) will 
keep the input low for a minimum startup period, 
whereas a pull-up resistor (100kQ) will keep it 
high for normal operation. 


Figure 32: 
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- Display Output : Light emitting diodes are used to 
display data. The maximum current provided by 
each output pin is 0.8mA. Therefore the serial 
resistor R has a minimum value of 4.7kQ (see 
Figure 33 : current = (4.2-0.6)/4.7e3 = 0.77mA). 


The slave configuration uses 2 display output 
pins. 
Port 2 bit 3 (Pin 25) : blinking led 
Port 2 bit 5 (Pin 27) : load (slave led) 
The master configuration uses 4 display output 
pins. 
Port 2 bit 3 (Pin 25) 
Port 2 bit 5 (Pin 27) 
Port 2 bit 6 (Pin 28) 
Port 5 bit 5 (Pin 38) 


: blinking led 
: load 1 status 
: load 2 status 
: room status 


Figure 33: Display Output 
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- Keyboard Input : Switch keys are used to enter 
commands. The keyboard pin is active high (see 
Figure 34). Apull-down resistor of 10kQ keeps the 
input low, whereas a key press holds it high for 
active operation. 


The master configuration uses 3 keyboard input 
pins. 
Port 5 bit 2 (Pin 41) : load 1 command 
Port 5 bit 3 (Pin 40) : load 2 command 
Port 5 bit 4 (Pin 39) : room command 


Figure 34: Keyboard Input 
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VI.8.2 - Power Consumption 


The power consumption of each configuration has 
been measured. Both master and slave boards 
were connected to the AC power mains : the slave 
led and all master status leds are switched ON by 
pressing the master room key (worst case simula- 
tion). 


The current consumption is measured with a digit- 
izing oscilloscope (channel 2) by means of a serial 
resistor, which value is small enough to avoid big 
supply voltage drops (about 1Q typically). 


A dual tracking power supply provides each board 
with the same power voltage, which value is dis- 
played on a multimeter. 


Test equipment : Fluke 45 Multimeter, Tektronix 
TDS460 Digitizing Oscilloscope 
Test conditions : R= 1.040, Valim = +10.006 V 
T =+25°C 
- Slave board : the oscilloscope is triggered on the 
falling edge of the Carrier Detect (CD) signal 
displayed on channel 1 (see Figure 35). There- 
fore, the current consumption is displayed on 
channel 2 in receive mode on stand-by (CD = 1) 
and active (CD = 0) states. 
Current consumption (Rx mode) :+146mArms 
Power consumption : 
(+10.006V - 1.042 - 146mA) - 146mA = +1.44W 


Slave board current consumption test results 
(see Figure 36) 

Channel 1: Carrier Detect signal 
Channel 2 : Supply current 

Master board : the oscilloscope is triggered on the 
falling edge of the Rx/Tx signal on channel 1 (see 
Figure 37). The current consumption is displayed 
on channel 2 in both receive and transmit modes. 


Current consumption : 


Rx mode +160mArms 

Tx mode +230mArms 

Power consumption : 

Rx mode (+10.006V - 1.040 -160mA) -160mMA 
= +1.57W 

Tx mode (+10.006V - 1.04Q -230mA) -230mA 
= +2.25W 


Master board current consumption test results 
(see Figure 38) 
Channel 1: 
Channel 2: 


Rx/Tx signal 
Supply current 
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Figure 35: Slave Board Current Consumption Test 


MULTIMETER 


SLAVE 


AC POWER LINE 50/60 Hz 


Figure 36 : Slave Board Current Consumption Test Results 
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Ch2 20.00 mV M 100 ms Ch1\ 
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MASTER 


Tx mode 
3 shots 


Ch2 RMS 
145 68 mv 


172.4 mv 


Ch2 Mean 
145 44 mv 
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Figure 37 : Master Board Current Consumption Test 
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Figure 38 : Master Board Current Consumption Test Results 


Tek stopped 33 Acquisitions 


Ch1 5.00 V Ch2 30.0 mV 


V.9 - Power Supply 
V.9.1 - Power supply features 


The power supply features are : 
- one reference voltage of 10 Voc 
- output current of 400 mA 


The 5 Voc voltage needed for the numeric part of 
the application is provided by a voltage regulator 
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M 100 ms 


Ch2 RMS 
183.78 mv 


Ch2 Max 
268 2 mv 


Ch2 Mean 
180.84 mv 


Ch2 Min 
119.4 mv 


Chi\ 


LM 7805, which already exists on the board. 


The power supply schematic is given in Figure 39 : 
The LM317T regulator is ajustable between 1.2V 
and 37V thanks to the R1 & R2 resistors. It could 
be replaced by a +10V regulator. 
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Figure 39 : Power Supply Schematics 
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V.9.2 - Power supply sizing = C1 min= 10*l/ Urtt max 
The rectified voltage between pins of the capacitor C1 min = 2000nF 
C1 is shown in Figure 40 : We choose a C1 capacitor value of : 4700uUF 


Uca = transformer secondary voltage (Vrms) 


The maximum voltage Vmax which can be applied 
Ucc = voltage between pins of the capacitor C1 


between C1 pins has to be higher than the maxi- 


Urit = ripple voltage mum secondary voltage of the transformer. There- 
U = minimum voltage which has to exist _ fore, with a safety margin of 25% : 
between input and output of the voltage : z 
regulator Vmax = (2 * Uca) * 1.25 = 21.2V 
Us = output power supply voltage Th :; discinat h 
Ud = rectifier diodes voltage drop e€ maximum power dissipated by the voltage 


regulator is : 
| output power supply current 


Hypothesis : Pd=U*| 


- 1=400mA U = 2*Uca - Us - Urit - 2*Ud 

- Umin = 3V Urtt = (10 * 400) / 4700 = 0.85V 

- Ud=1V =Pd= 1.6W 

The minimum voltage the transformer has to pro- In short, the power supply sizing is : 
vide is : 


- secondary voltage of the transformer : 2x6V 
Uca = (Us + Umin + Urtt + 2Ud) /2 - 5 VA transformer 
- C1 = 4700uF with a maximum voltage of 25V 


The ripple voltage is : between its pins. 


Urtt = 10 *1/C1 (with | in mA and C1 in LF) 


Figure 40: Rectified Voltage Parameters Vil - PC SOFTWARE 


With the application board, we provide you a com- 

munication program written in Turbo C language 

which allows : 

- to drive the RS2382 interface 

- to transmit data via power lines thanks to the 
ST7537 

- to receive data from power lines thanks to the 
ST7537 

Uoutput - to process data 

- to run character error test. 


It is possible to transmit : 

- characters 

- text (maximum 80 characters ) 

- hexadecimal data ( maximum 64 bytes ) 

- file. 

The transformer must be able to supply | = 400mA, The communication program allows you to run 
so that a 5 VA transformer is required. different types of communication : 


The maximum value of Urtt is : - communication between 2 computers. 


Urtt max = 2*Uca - Us - Umin - 2*Ud = 2V - communication between 2 ports COM on the 


same computer. 
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V.9.3 - Using a 2x6 V secondary voltage trans- 
former 
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Vill - TYPICAL APPLICATION 
VIll.1 - Protocol Design 


The software described in the following parts pro- 
vides you with a simple efficient protocol! kernel, 
which is fully interrupt handled and uses almost no 
CPU time. Therefore it enables you to develop 
friendly interactive applications with a short re- 
sponse time. 


This protocol uses a packet encapsulation mecha- 
nism with two level error detection capability, both 
for the packet level and for the byte level. During 
reception, burst noise can affect the communica- 
tion channel, so that a frame check sum is used to 
detect excessive errors. In many cases, impulsive 
noise may cause unpredictable data loss without 
modifying the frame check sum. Therefore, each 
byte is transmitted and received in an asynchro- 
nous mode inside a 11-bit type word including a 
start bit, one stop bit, and an odd parity bit to ensure 
byte integrity. 


VIll.1.1 - Frame Format (see Figure 41) 


Each frame consists of a preamble, a header, a 
house address, a link control, a source address, a 
destination address, a data block, and a frame 
check sum. 


The preambule is 8-bit field with a fixed value FFh: 
it trains the FSK demodulator, allows a good uart 
synchronisation for next character. The header 
consists of a 8-bit pattern AAh chosen with a low 
probability of wrongly detecting noise or preamble 
as the header. On a message reception, a match- 
ing test is run on the house address field to over- 
come perturbations coming from a neighbouring 


Figure 40: Frame Fields 


HOUSE LINK 
PREAMBULE HEADER 
ADDRESS CONTROL 
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home network. 


Vill.2 - Use of the ST90E28 resources 


- The Watchdog/Timer : 
The watchdog mode is disabled and the timer is 
operated in continuous mode. 
On each timer interrupt request, network access 
parameters, keyboard delay time, common sys- 
tem clock parameters are updated. Besides, the 
ST7537 watchdog input is reset. 


- The Serial Communication Interface (SCI) : 
The SCI is configured in asynchronous mode to 
exchange data between the power line modem 
and the microcontroller. Every character sent (or 
received) by the SCI has the following format: 1 
start bit, 8 data bits, 1 parity bit (odd parity se- 
lected), 1 stop bit. The transmit rate is 1200 
bauds. 
To start transmitting a frame, the transmitter buff- 
er register is loaded with the preambule value FFh 
in order to run the SCI. Each data byte end of 
transmission results in the generation of an 
TXHEM (transmitter buffer empty) interrupt re- 
quest to load the next transmit data byte. 
An outstanding character search is performed to 
detect the header of an incoming frame (see 
Figure 42). This is achieved by comparing each 
received data byte to the content of the data 
compare register. If the incoming character 
matches, an RXA (receiver address match) inter- 
rupt is requested to enable the analysis of the next 
data frame fields. Every time the reception of a 
data byte is completed, a RxD (receive data) 
interrupt request is generated to store the re- 
ceived data byte. 


SOURCE DESTINATION FRAME 


ADDRESS ADDRESS CHECK SUM 
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Figure 42 : Character Search Function 
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- The Register File (see Figure 43) : VIH.2.1 - Initialization of ST90E28 core and on- 


Among the 224 available global purpose regis- 
ters, 16 registers are reserved as a transmit frame 
buffer, another group of 16 registers is reserved 
as a receive frame buffer, 48 registers are dedi- 
cated to the protocol kernel, and another group 
of 48 registers is allocated to the system & user 
stacks, which leaves 96 registers for storage of 
applicative values. 

The Input/Output Ports : 

Two of the port pins must be used for the Rx/Tx 
(P5.0) and WD (P5.1) output signals. Four must 
be initialized as alternate function for the RSTO 


chip peripherals 
- Core initialization : The user and system stacks 


are set up in the internal register file. The internal 
clock frequency is set to 11.0592MHz. The priority 
level of the main program is set to 7 (lowest), 
whereas the non-maskable interrupt (RSTO sig- 
nal) has the top level priority. 

Initialization of the Input/Output ports : Only six 
input/outputs are required to exchange data be- 
tween the ST7537 and the ST90E28. The corre- 
sponding pins are initialized as follows : 


NMI (Port 2 bitO) — Alternate function, 
(P2.0), CD (P2.4), RxD (P3.6) and TxD (P3.7) open drain, TTL 
signals. Details concerning the initialization of CD (Port 2 bit4) — AF, OP, TTL 
these ports are given in next section. RxD (Port 3 bit6) — AF, OP, TTL 
; ; TXD = (Port3 bit7) - Alternate function, 
Figure 43: Register File Map Z Push pull, TTL 
Rx/Tx (Port 5 bit 0) —> Output, Push pull, TTL 
WD (Port 5 bit 1) — OUT, PP, TTL 


The NMI pin is programmed rising edge sensitive, 
whereas the CD/ input signal triggers an external 
interrupt request on a falling edge (INT1 pin) with 
a priority level set to 1. 


As for the applicative features, each port pin is 
initialized as follows : 

display pin. — Output, push pull, TTL 
keyboard pin — Input, tristate, TTL 

Timer : The watchdog mode is disabled. Continu- 
ous mode is selected with count down from a fixed ° 
value of 767, each underflow resulting in an inter- 
rupt request and reload of the fixed initial counter 
value. The internal clock rate, prescaler and initial 
count value are chosen to give an interrupt re- 
quest every 555.56us (1.8kHz = 36*50Hz = 
30*60Hz). The timer counter is loaded with the 
value 767 to complete an end of count every 
955.56us. On each counter underflow an inter- 
rupt request (INTO) is generated with a priority 
level set to 0 (high). 


serial Communication Interface : The asynchro- 


nous mode is selected. The serial interface pro- 
grammed characteristics are : 8-bit word Jength, 


SYSTEM 


SYSTEM STACK 


| userstack | STACK 


APPLICATION 


PROTOCOL 


KERNEL 


RECV BUFFER é 
XMIT BUFFER 
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odd parity generation and detection, 1 stop bit Figure 44: Main Program Flow Chart 
generation, AAh header search. In this mode, 
each data bit is sampled 16 times, so that each we 
data bit period will be 16 SCI clock periods long. 


Entered on 
The counter of the baud rate generator is loaded System RESET 


with the fixed value 576 to set the SCI clock rate 
to 16*1200 = 19200 bauds. The priority level of 


all SCI interrupts (RXA, RxD, TXHEM) is set to 1. 


Vill.2.2 - Main Program 


The main is automatically entered on system reset, 
and first initializes the internal clock, stacks, ports, 

register file, serial communication interface, and 
timer. Then the timer starts counting down towards 

zero from an initial value of 767. Each time the 
counter clears to zero, an high priority interrupt 

request will be generated, which will initiate an 
update of the network access parameters. 


The main program loops around the main modules. 
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ANNEXE A: DEMOBOARD OUTPUT IMPEDANCE ° 
Figure 45 
ST7537 DEMO BOARD IMPEDANCE 
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frequency (kHz) 
Figure 46 
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Figure 48 : Layout 
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Figure 49 : Master Configuration Board 
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Figure 50 : Slave Configuration Board 
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l- INTERFACE BETWEEN ST7537 AND ST626x 


SGS-THOMSON is now introducing with this inter- 
face between the power line modem ST7537 and 
the low cost family ST6MCU a wide range of appli- 
cations for home automation. This module allows 
communication between distant equipment by the 
mains and then remote control can be done in an 
easy way. This include applications like lighting 
dimmer, heater control, or phone remote system. 


Hardware Connection Between 
ST7537 and ST6265 


ST6265 


Figure 1: 
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F = 11.0592MHz 
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1.1 - Interface 


The choice of these ST6 pins is not the only one, 
but the software suggested is written for this inter- 
face. 


1.2 - Pins Descriptions 

1.2.1 - RSTO and NMI 

The RSTO is the reset output of the ST7537. It set 
to high when the supply voltage is lower than a limit 
(typically 7.6V) or when no negative transition oc- 
curs on the watchdog input for more than 1.5s. 
Then, the RSTO is going back to low level. This 
falling edge is used to make an NMI on the ST6 
chip. The NMI vector (number 0) must be the same 
as the reset vector in order to comply with Home 
System specifications. 


Figure 2 : RSTO Generate a NMI 


RSTO pin 


*>--e Non Masquable Interrupt 
(Falling Edge) 


1.2.2 - Carrier Detect 

The Carrier detect is driven low when the signal 
amplitude on the receive analog input is greater 
than a carrier detection level (typically 5mV). It has 
to be connected to an interrupt pin in order to start 
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REMOTE CONTROL USING ST7537 AND ST6 


the receive program, even if the ST6 is doing 
something else. So the pin pAO has to be pro- 
grammed as an interrupt (with pull-up) to allow 
receiving. 


1.2.3 - Rx/Tx 

The Rx/Tx pin is used to switch between receive 
and transmit mode. It has to be connected to an 
output port of the_ST6, to allow the ST6 to switch 
between Rx and Tx. pC4 has to be programmed as 
output port. 


1.2.4 - Rxd and Txd 

Digital datas are going over these pins. They have 
to be connected to pC2 and pCs for the data 
transfer. Then, the programmer can use the PSI 
(Programmable Serial Interface) or work on the 
data values by programming pC3 as output and 
pC2 as input (without interrupt and with pull-up). 


1.2.5 - Watchdog 

This pin is connected to pAi, which must have a 
falling edge at least every 1.5s (MAX value). This 
feature has been included in ST7537 for security 
reason. So pA1 has to be set and reset at least 
every 1.5s (see RSTO pin description). 


1.2.6 - Oscin 

The maximum operating frequency of ST6265 mi- 
crocontroller is 8MHz with a 5V DC supply (and 
8.5MHz with 6V). In order to use the 11.0592MHz 
provided by the P.L.M., we must decrease this 
frequency. An easy way is to divide by 2 the master 
clock : 


Figure 3 : The Flip-flop D-type Divide the Clock 


A flip-flop D-type is used to divide MCLK by 2. So, 
the microcontroller has an input frequency of 
5.5296MHz (quartz frequency divided by 2). 


1.2.7 - Other ST6265 Pins 
1.2.7.1 - RESET Pin 


To provide a good initialisation, a 2.2uF capacitor 
is connected to the ST6265 reset pin. An internal 
300kQ is loading the capacitor during the power on. 
This provides a delay that allows power supply 
stabilisation. The high value of the resistor requires 
a tantalum capacitor type. 


1.2.7.2 - pA4..pA7 Pins 

These pins are used to enter an objet address 
(network configuration). pA4..pA7 are programmed 
in input with pull-up. Address number can be modi- 
fied if necessary. 
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1.3 - Software Initialization 


At reset state, all the ports are in input with pull-up, and interrupt register (IOR) is cleared, so the reset 
routine must configure the ports to comply with hardware connections. 


Table 1 : Port Configuration 


GEN (D4) set 


D4 set 


The hexadecimal values are given only for exam- 
ple, these values will change due to the others pins 
programming (application software). In the pro- 
gram, every write to port Aand port C must be done 
by writing a copy register, because these ports are 
in input and output, and this includes single bit 
operation (see ST6265 datasheet for further de- 
tails). 


1.4 - Timer 1 for 1200Bps 

The MCU frequency is 5.5296MHz. With an internal 
clock divider set to 1, a prescaler set to 4 and a 
counter set to 96, the transmit and receive rate is 
1200.08Bps (Figure 4). 

The quartz is a 11.0592MHz with a accuracy of 
100ppm. That means a final variation of 0.12Bps 
around 1200.08Bps. 


When the timer 1 is not used for the baudrate this 
Figure 4 : Dividing MCU Clock to Obtain 1200Bps 


FLIP-FLOP OSCILLATOR 
D TYPE DIVIDER 


Byte Value (e.g.) 


Enable all interrupts 
Level sensitive mode on interrupt #1 (port A) 


AO in input 
A1 in output 
A4..A7 in input 


AO interrupt with pull-up 
A1 in output push-pull set to 1 
A4..A7 in input with pull-up 


LES (D6) set 
DDRA DO res 02h 
D1 set 
D4..D7 res 
ORA DO set 03h 
D1 set 
D4..D7 res 
DRA DO res 02h 
D1 set 
D4..D7 res 


DDRB DO..D7 set BO..B7 in output 
BO..B7 in push-pull output 
DO..D7 set sede 
C2 in input 
C3 in output 
C4 in output 


C2 interrupt with pull-up 
C3 in output push-pull set to 1 
C4 in output push-pull set to 1 


DDRC D2 res OC h 
D3 set 
C4 set 


ORC D2 res OC h 
D3 set 
D4 set 


one is used for C.S.M.A. management (see II.3). 
Table 2 : Baudrate Variation 


| | Min, | Nom. | Max. | Unit 


That means the following registers values : 


Table 3 : Timer 1 and Oscillator Configuration 


| Register | Bit. | Value 


CR 
Timer status control register PSO 0 
TSCR1 PS1 1 
PS2 0) 
Timer counter register DO - D7 96 
TCR1 (decimal 
value) 


916265 


TIMER/ 
WATCHDOG 


DIVIDER 


Ftimer 
Count 96 
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1.5 - Interrupt Routines 


Interrupt vectors are mostly defined by the trans- 
mission program. NMI (vector #0) and the port A 
interrupt (vector #1) are used by the communica- 
tion program. The port C (vector #2) does not need 
interrupt. The Timer 1 and ADC interrupt is used for 
communication timing (see CSMA recommenda- 
tion). 


AutoReload timer interrupt is also available. 


Table 4 : Interrupt Programming 


IP RESET 


Vector #1 Port A and B JP RECEIVE 
(or cascaded interrupt) 


Vector #2 | PortC and SPI | NOP and RETI 


Vector #3 AR Timer Available interrupt 
for application 


Vector #4 | ADC and Timer 1 | Communication timing 


1.5.1 - NMI Interrupt 


The RSTO pin of the ST7537 is connected to the 
NMI pin of the ST6265 pin. The NMI interrupt 
provides the reset of the system. 


1.5.2 - Receive Interrupt 

This interrupt manages frame reception, that 
means : 

- Power line modem pins control, 

- Bit reception (synchronisation), 

- Byte control, 

- Frame control. 


The interrupt program set bits in network/applica- 
tion register (NA-CTRL) then the main program is 
able to know the communication status by reading 
this register. 


1.5.3 - Timer 1 Interrupt 


This interrupt is enabled at the end of a frame 
reception or transmission to allow a delay between 
communication events (see C.S.M.A. specifica- 
tions). It also leave time for application program. 


Figure 5 : Flow Diagram of Digital Datas 


Bits lost 


me TRANSMITTED DATAS 
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ll - TRANSMISSION METHOD 


ll.1 - Main Aspect of Communication 


- Asynchronous 1200Bps, 

- Transmit mode must be set for less than 1s 
(Cenelec specifications), 

- Carrier detect is set between 4 and 6ms after the 
beginning of the Reception (the first 3 or 4 bits 
are lost) and is reseted in the same delay (an 
interference byte is received at the end of the 
frame). This delay corresponds to the demodula- 
tor trainning. 


II.1.1 - Asynchronous 1200Bps 


In order to transmit at 1200Bps, the transmit pro- 
gram needs a timer (TIMER 1) to send a bit every 
1/1200s. In the receiving routine, the program is 
synchronised on every startbit, and use a timer 
(Timer 1) to read a bit every 1/1200s. This allows 
synchronisation on each byte, and the reception is 
aborted if carrier disappears between byte recep- 
tion. During byte reception Txd is set to "0" in order 
to be independent of CD level (noise independant). 


Il.1.2 - Carrier Detect 


The Figure 5 shows the timing diagram of a com- 
munication. 


In order to allow a good transmission, the frame 
must contain a header that is more than 3 bits long 
and that contains no 0 (start bit) : FF h for example. 
An easy way to avoid the last bad bit is to know the 
frame length (fixed length for instance). 


ll.1.3 - Programs Specifications 


In transmit mode, the Rx/Tx pin must be low, and 
set to high after the transmission of the frame. 
Transmission time must be shorter than 1s : that 
allows a maximum frame length of : 

deuu = 109 bytes (1 byte = 1 start bit + 8 data bits 


11 
+ 1 parity bit + 1 stopbit = 11 bits). 


TXD-REMOTE 


RECEIVED DATAS al 


Ky cree be tetad 


Wrong bits 
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Figure 6 : Byte Format 


=e [Jw 


ST : Start Bit (low) 
P : Parity Bit 


SP : Stop Bit (high) 


Figure 7 : Frames Format 


Standard Frame 


PREAMBLE | HEADER 


PARITY 


DATAS CHECK 


Acknowledge Frame 


lI.2 - Packed message 


The power line medium and the modulation em- 
ployed require a special two level encapsulation 
mechanism : 


- The byte level, 
- The packet level. 


The byte level control is a low level control, it only 
checks the start bit, the stop bit and the parity bit. 
The parity control can be done with byte shift and 
bit test (sla, jrr, jrs, ...) (Figure 6). 


The packet level control is checking the received 
values. Preamble is used to synchronise and avoid 
loose of meaning datas. Header works out the 
frame type (Figure 7). For instance : 


- 9B58h: Standard frame 
- E958h: Acknowledge frame 


The parity check byte is composed by all the parity 
bits of the data block of the frame (see parity 
register). 


Table 5 : C.S.M.A. Specifications 


ll.3 - C.S.M.A. Protocol Specifications 


The protocol used is Carrier Sense Multiple Access 
Protocol. The telegram acknowledge is used to 
detect non-delivery. Before transmitting, the device 
must verify that there is no carrier on the network 
thanks to /CD, then send its message (standard 
frame) and wait for an acknowledge of the remote 
device (acknowledge frame). The device is able to 
check the transmission integrity by comparing the 
transmitted and the received parity check byte. The 
remote device is sending an acknowledge only if 
the packet is good (byte and packet control). 


The C.S.M.A. protocol definition includes a timing 
for each stage of the communication. These values 
are given in the Table 5. 


This is the theoretical definition of CSMA specifica- 
tions. The programs proposed are using a register 
that is decreased in the main loop, providing a 
pseudo-random value (1 to 5). For the timing, the 
timer 1 counts for a delay (depending on the ran- 
dom register). 
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11.4 - Real Time and Communication 


Time is one of the most important factor in this 

communication application : 

- Mains is acting as a network (see C.S.M.A. speci- 
fication), 

- Home automation system requires a time delay 
below 0.5s. 


So, communication time as to be taken into ac- 
count. The table below gives values for message 
delivery (message + acknowledge) with the follow- 
ing values : 

- Standard frame time : 100ms, 

- Acknowledge frame time : 40ms, 

- C.S.M.A. specifications. 


In order to approximate to the reality, we have 
considered 1 error communication and/or a time 
waited to dispose of communication channel. 


In Table 6, Tother is the time from the moment the 
object wants to transmit (but somebody is already 
transmitting) to the moment the communication 
channel is free. 


A message needs about 155ms to be transmitted 
with acknowledge. In the worth case, even if 7 
objects want to transmit in the same delay, all the 
messages will be delivered in less than 2s. 


1.5 - Frame Definition 


Here is the definition of frames implemented in 
S1T6265 microcontroller. 


11.5.1 - Standard Frame 
Figure 8 : Standard Frame Format 


PARITY 
PREAMBLE | HEADER DATAS CHECK 


Table 6 : Message Delivery Time 


Bh, «ites . No Communication Errors One Communication Error 
vommunicanennime(™s) win, [Mean | Max | Min. | 
Don't wait before transmit 


Wait before transmit 220 252 285 390 
+ Tother + Tother + Tother + Tother 
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- Preamble: FFh 

- Header : 9B58h 

- Datas: Explained below 

- Parity check : Parity bits of the data block 


Figure 9 : Data Block Format 


H.A. C.B. S.A. D.A. |ORDER/;| DATA 
2 bytes | 1 byte | i byte | 1 byte | 1 byte 


The Datas block is the real message. It contains the 
house address, to prevent from sending order to 
other houses objects. The source and destination 
addresses are used to define who’s talking to who. 
The Control byte contains network facilities as pri- 
ority, frame counter, ... 


- HA: (Home address) address of the house 
-C.B: (Control byte) contain frame counter, 
priority, group command bit 
-SA.: (Source Address) address from the 
transmitter 

- DA. : (Destination Address) address of the 
receiver 

- Order: Object of the message 

-Data: Data byte eventually 


11.5.2 - Acknowledge Frame 
Figure 10 : Acknowledge Frame Format 


RECEIVED 
PREAMBLE HEADER PARITY 


E958h 
The standard frame is 11 bytes long, that means 
100ms at 1200Bps (with 11 bits by byte). 


The acknowledge frame is 4 bytes long, that means 
40ms at 1200Bps (with 11 bits by byte). 


- Header: 


423.5 457 
+ Tother + Tother 
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11.6 - Communication Registers Definition 


11.6.1 - Communication Registers 
Several registers are used by communication programs. they are listed below : 


Table 7 : Communication Register Definition 


Register Name Register Description 
Output buffer start address 
Input buffer start address 


Transmitted address 


nication status by looking at the Network/Applica- 
tion register. 


The network/application register is used in two 

ways : 

- To interface the application program with the com- 
munication program. The application program is 


These 21 registers have a name, but more than 17 
bytes are needed for communication. In fact, com- 
munication program needs 43 registers (that in- 
clude software stack and _ buffer for 
communication). 


11.6.2 - Network /Application Register 


Application program is not sequential because of 
the use of several interrupts. These interrupts are 
used for reception and communication timing. The 
main program is able to know what are the commu- 


Table 8 : NA_CTRL Definition 


ee ee a 
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Unexpected | Bad frame Time-out Transmit Too many frame order 
frame parity enable errors acknowledge |__— received 


able to know if order has been received or if an 
acknowledge has been received, 

- To enable protocol control inside network pro- 
gram. That means byte error, unexpected frame, 
time-out, bad frame parity, transmit-enable. 


kyg SGS{THOMSON 


11.6.3 - Parity Register 


Parity registers are used to compare received and 
transmitted parity frame value (last byte of frame). 
The parity registers have the same look, that is 
given below : 


Table 9 : Parity Registers Definition 


roo [or | be [0s | oe] os | ve | 07 | 
Fo [Pata | Poder [Poa [Pee | Pt Pad [Phat 


-Pdatas: Parity of data byte 

- Porder: Parity of order byte 

- Pda: Parity of destination address byte 

- Psa: Parity of Source address byte 

- Petri: Parity of control byte 

- Phat: Parity of first home address byte 

- Pha2: Parity of second home address byte 


Figure 11 : Main Program Organisation 


= 
Application} §« 
Recovering § 
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ll.7 - Mains Flow 


The ST6 must be able to receive a frame whenever 
it comes, but it is really important to leave CPU time 
for Application program. That’s why the main is a 
loop, where the application program is running. 

When a frame arrives, an IT occurs, the MCU 
receives the frame, modifies the communication 


status in Na_ctrl register and then go back to the . 


main loop. If it is an order, the MCU send an 
acknowledge and does the order. 


ll.7.1 - Main Flow (see Figure 11) 


When the board send a frame, it is waiting for an 
acknowledge, and tries 3 times if nothing is coming 
for a delay. If an acknowledge arrives, it is checked 
(parity check) and if a problem occurs, the MCU 
tries again (3 times maximum).The slave system 
main flow is the same as the master system, but of 
course, the application program changes. 


11 


arrier 
Dete 


12 
Receive 


Send Ack 
Do Order 


‘ 
5 
Waiting 
Ack? 
8 | 
Application} B 
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Ack 
Control 


16 
Transmit/ 
Receive 
Enable 
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Figure 12 : Receive Routine 


1 
Receive it 


Receive 
Init 


Next Char. 


No Carrier 


Time Out 


All car. 
Received 
Unespected ‘Good Frame 


Frame 
6 
Modify 
Status 


Order Done 
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11.7.2 - Reception Flow and a timer control. The parity byte is calculated as 

The synchronisation is done on each startbit : it'sa ‘the frame is sent, and it is sent after. 

byte synchronisation. In order to leave MCU time for application, receive 
IT is disabled after each frame reception and for a 


1.7.3 - Acknowledge Control Flow delay of 30ms. This time is controlled by the Timer 
The transmit part will not be detailed, it is just a pins 1 and the reg_delay register. 


Figure 13 : Ack Control Routine 


2 
Acknowledge 
Received? 


3 
Compare 
Parity Check 
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lil - APPLICATION : DIMMER CONTROL 


lll.1 - General Description (see Figure 14) 


This section gives an example of an application that 
allows the dimming control of a remote light (or 
something else) by using the transmission with 
P.L.M. This application needs two boards : 

- A master system, with a push-button (Dim- 
ming/off), 2 potentiometers and a 7 segments 
display, 

- Aslave system, with a 7 segments display anda 
plug for dimming control. 


When the user presses the key (command), or 
turns a potentiometer, the master system sends a 
message, lights the decimal point on and waits an 
acknowledge. The remote board receives the mes- 
sage, sends an acknowledge and does the order. 
If no problem occurs, the master system receives 
the good acknowledge and switches the decimal 
point off. Otherwise, after trying sending the mes- 
sage 3 times, the decimal point remains lighting : a 
communication error occurs. 


With the push-button, you can turn the light off or 


on. With the dimmer potentiometer, you can control 
the light intensity. With the display potentiometer, 


Figure 14 : Dimmer Control Application Description 


Power Line Modem 


ST7537 


Dimming/off 


C) 


Dimmer 


Master System 
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you change the number on the display. This feature 
has been added to prove that the ST6265 is able 
to receive and send order while it is dimming. 


If you plug the master system in first, it will try to 
connect with the slave system three times, then it 
will light the error led (digital point of the 7 segments 
display). So you will have to plug the slave system 
and send an order (push the button and turn the 
display potentiometer) in order to return in normal 
mode. 


The dimming control is done by the use of a triac 
(BTA08-600TW) so the load connected to the plug 
must not exceed 1000W. 


Ill.2 - Schematics (see Figures 15 and 16) 


This section gives the schematics of the two 
boards. pB7, pCO and pA2 have different meaning 
on the master and on the slave board, that ’s why 
we give two schematics. But it is possible to make 
a single board with dual implantation. 


Warning : on this board the VDD is connected (via 
002 resistor) to the neutral mains. 


That means all the board is on the Mains supply 
voltage! 


Power Line Modem 


ST7537 


Mains plug 
0 ®@ 


Slave System 
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Figure 15 : Slave Board Schematic 
ST6265 J1 : jumper for 50/60Hz selection 


BO B1 B2 B3 B4 BS BE CO Af2 B7 


© 
S S ] J1 g G Vop O 0Q O Neutral 
ae a re pe pace 
G A 


“ — 2N2907 


G\jA1 


AY. BTA08-GOOTW 
A2 


O 
LOAD 
O 


© Phase 


ST6265 


BO Bi B2 B3 B4 B5 B6 B7 A2 


Push 
Button 


P1, P2 : 100kQ2 linears 
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lil.3 - Pins Description & Software Initialisation 


11.3.1 - Slave Board 


On this board, there is a 7 segments display appli- 
cation and a dimmer application. 

The display application is very simple. The pins BO 
to B6 have to be programmed in output with pull-up 
(push-pull). They are connected to the display by 
2200 resistors to limit the LED current. The display 
is acommon anode so the pins have to be reseted 
to make the display lighting. 

The dimmer application is most sophisticated, be- 
cause it requires a zero crossing detection, and the 
possibility to wait a delay before firing the triac. See 
dimmer control part for more information. 


The pin A2 is connected to the phase (via 1MQ), in 
order to provide the zero crossing. This needs 
Neutral connected to Vpp to have a reference level. 
A2 has to be programmed in input. 

The pin B7 has to be programmed in push-pull 
output to provide the pulse. B7 is the only pin that 
is connected to Auto Reload timer, so the fire signal 
needs to be amplified before driving the triac (the 
amplification stage is realised with a PNP transis- 
tor). At reset state B7 is configured in input with 
pull-up, so B7 is held at Vss by a 2.2kQ resistor. 
This application is working with both 50Hz and 
60Hz mains. The jumper connected to CO is used 
to select between the two type of mains. Co has to 
be programmed in input with pull-up. 

The pin configuration is the following : 


Table 10 : Slave System Pins Configuration 


: Bits 
(e.g.) 


DDRA D2 res 00h | A2in input 

| DDRA | D2res | 00h |A2ininput 

eee 

: 
DDRB | DO0..D7set| FFh | BO..B7 in output 

| DDRB | D0..D7set| FFh | B0..B7inoutput | 

BO..B7 in push-pull 

pulpupeerta 

annie 


llI.3.2 - Master Board 


On the master system, there are a display applica- 

tion and a control application : 

- The display application the same as in slave 
system, but here, the decimal point is connected 
to B7. This decimal point is used as a warning light 
for communication acknowledgement. BO to B7 
have to be programmed in output push-pull, 


Description 
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- CO is connected to a push-button, and has to be 
programmedzd in input with pull-up, 

- A2 and A are input for analogic values coming 
from the potentiometers, so they have to be pro- 
grammed in input, and reading an analogic value 
is done by programming one of these two pins in 
analog input, but not both in the same time. 


Table 11 : Master System Pins Configuration 


, Bits Byte 
Register Values tea) Description 
e.g. 

DDRA D2 res 00h | A2 in input 

D3 res A3 in input 
D2 res/set | 04h | (A2 in input analog 
D3 set/res | /08h | A3 in input) /(A3 in 

DRA D2 set OC h 
D3 set 


input analog A2 in 
input) 
DDRB_ | DO..D7 set BO..B7 in output 
DO..D7 set | FFh | BO..B7 in push-pull 
output set to 1 
[DO..D7set| FFh | 


ORB 
C 
eb wihvouleae 


l!.4 - Dimmer Control 


lil.4.1 - General Description 


This section describes the main aspect of the 
power control system used on the slave system. 
For further details, refers to power control applica- 
tions notes. 


The output power is controlled by the phase delay 
of the triac drive. This delay is referred to the zero 
crossing of the line voltage. That needs an addi- 
tional connection to main voltage, but in a remote 
application, this is not a problem. 


Figure 17: Power Control Based on the 
Monitoring of the Zero Crossing of 


the Voltage 


— VLINE 
—— VLOAD 


10ms (50HZz) 
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1.4.2 - Triac Specification 


The triac used is a BTAO8-600TW (SGS-Thomson) 
Logic Level triac. It has a maximum specified gate 
triggering current of 10mA (at 25°C). The current is 
provided by the amplifier stage (transistor), and the 
pulse width is programmed by software. 


lil.4.3 - Timing Specification 

Ta determines the power used by the load. Be- 
tween two pulses, there is a delay of 10ms, except 
during Ta variation. 


Figure 18: Load Power Consumption versus 
Time Delay 


Power 


10ms_ Ta 


As shown in Figure 18, a small delay variation can 
affect the load power (that means light intensity in 
dimmer control), so this application is very sensitive 
to delay variations, and the timer has to be tuned 
very precisely. The timer is loaded with values 
stored in a table in ROM (one table for 50Hz, one 
for 60HZ). 


l11.5 - Application Software 


111.5.1 - Display Application 

The display routine is only checking the range of 
the transmitted data and setting the corresponding 
port B pins in order to display a digit. The display 
data is stored in the led_status register. 
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11.5.2 - Slave System 


[1.5.2.1 - AR Timer Configuration 


The dimmer application is using the Auto Reload 
timer to provide the time delay (Ta). When a zero 
crossing voltage is detected on the mains voltage, 
the AR timer is launched with a delay (correspond- 
ing to Ta), And immediately after, the reload value 
is changed to a value corresponding to 10ms delay 
(50Hz). So, when an interrupt occurs (Receive 
mode for instance) the MCU is running in IT mode 
while the AR timer is providing the power control. 
The dimming intensity is controlled by the time 
delay, which has to be between Arr_min, and 
Arr_max. 

The 10ms (or 8ms for 60Hz) delay is provided with 
the Arr_sd value. The Arcp value is loaded with Arre 
+ puls_siz ; this register defines the pulse width. All 
theses values are depending on the AR timer con- 
figuration : 

- AR timer in autorelad mode with 

IT disabled : 
- AR prescaler set to 128 and 
clock division set to 3: 


Armc = 20h 


Arsci = OEih 
Table 12 : AR Timer Configuration 


50Hz Values 


Arrc during AR timer Arr_sd_10 Arr_sd_8 


control 
Arrc + pulse_siz 


The values of Arr_min, Arr_max, Arr_sd are de- 
pending on the frequency of the MCU (Fint) and of 
the mains (50Hz or 60Hz). The delay waited be- 
tween the zero crossing detection and the triac 
pulse is given by: 

Ta= Tar - (FFh - Arrc). 

Where Tar is the time for 1 count : Tar = 6.98E-5s 
(at 5.5MHz). 


Figure 19 : Timing Chart of Zero Cross Level Signal (pA2) and Triac Trigger Signal (pB7) 
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(1.5.2.2 - Registers for Power Conirol 


The application register is used to store the dim- 
ming status (on/off) and the zero crossing voltage. 


Table 13 : Application Register Definition 


Bo | bt | D2 | bs | D4 | bs | De | D7 | 
[Ight_on | zeroct| o | 0 | 0 | o | o | Oo 


- Ight_on: Set when dimming 
- zero_dt: Set when pA0Ois 0 


Other bits are unused. 


1.5.2.3 - Dimmer Flow 


The dimmer procedure has to be launched very 
often because it provides dimmer synchronisation. 
If this procedure is not launched for more than 
0.2ms, a test has to be performed in order to see if 
a zero crossing has appened during this delay. In 
this case, it is to late to synchronise on this zero 
crossing so the zero_dat bit of appli_reg has to be 
modified and the software will synchronise on the 
following zero crossing (Figure 20). 


In the left flow : see Figure 20a 

- Dimm_ctrl check if a new value has arrived for 
dimmer, calculate the new delay and eventually 
switch off or on the dimmer control, 

- Aff_value checks if a new value has arrived for 
display, calculate the new digit and display it, 

- get_level is a macro that get the level of the main 
voltage (1 for positive voltage and 0 for negative) 
and that modify the zero_dt bit of application 
register. This macro avoids delayed zero crossing 
detection. 


In the right flow : see Figure 20b 

- Zero crossing detection is done by comparing the 
instantaneous level (on pA2 pin) with the bit 
zero_dt in application register, 

- AR timer control loads the arrc value correspond- 
ing to time delay, launch the timer, reload arrc 
value for a 10ms delay and arcp for the pulse 
width. 


111.5.2.4 - Push-button 


The detection of an action on the button is made 
simply by reading the value on pin CO. If somebody 
push on it the MCU sends a frame and waits for an 
acknowledge. This action needs more than 130ms 
so it makes a kind of debounce. 


I11.5.2.5 - Potentiometers 


The main program reads the converted value on 
potentiometers, and compares it to the stored value 
(in dimm_val and in aff_val). If the difference be- 
tween the read and stored value is higher than 8, 
the MCU send an order to remote system. 
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Figure 20: Application Recover and Dimmer 
Procedure Flows 
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Figure 21: Application Recover and Button and 
Potentiometer Control Procedure 
Flows 
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IV - NETWORK 
IV.1 NETWORK SPECIFICATION 


Power Line communication uses mains distribution 
cables that constitute a network adapted to the 
control of devices already connected on it. The 
ST7537CFN power line modem complies with the 
regulation described in the CENELEC EN50.065-1 
document, (So frequency, bit coding and other use- 
ful features are included in the chip). Nevertheless, 
the designer of an application has to take in account 
the power line communication specification when 
writing his protocol. For instance, access protocols 
are required for coexistence on the medium. The 
following paragraphs give a concrete case of com- 
munication on power line network. In first, only 2 
devices are connected to the network. Then, others 
devices are connected, and we will be confronted 
to a real network specification. 


IV.1.1 - Communication between 2 Units 

This is the simplest case of communication. Only 
two devices are able to send and receive packet on 
the network. One unit sends an order, the other one 
is replying with an acknowledge. 


Figure 22 


Order Frame . 


Ack Frame 


The unit T checks that the network is free for access 
thanks to the Carrier Detector, then it sends its 
frame and waits an acknowledge during a delay 
Twack. The unit R receive a frame and sends an 
acknowledge if R is the destination of the frame. R 
must send the ack. frame before the end of Twack. 
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If it is not the case, or if T has not received the 
acknowledge, T tries again to send the order. Of 
course the frame format must allows error detection 
by the receiver (order checksum) an by the trans- 
mitter (checksum in ack. frame). In most of the 
case, communication occurs without error, and the 
both units must keep silent for a delay Tsilent in 
order to leave time for application control. To allow 
the two units to transmit, the unit T has to wait more 
than R2, so R will be the first to take the channel if 
it needs to transmit. 

If the two units send a frame exactly at the same 
time, they will not receive ack. frame, so they will 
retry after a delay (Twack). Arandom value is added 
to make one of the two unit faster than the other 
one. The total delay is Tretrans. 


IV.1.2 - Communication with Several Units 


Figure 23 


Order Frame B 
ST7537 


PLM ‘ Ack. Frame 
COM 


Unit 2 


With several units, the timing is the same, but even 
if a unit is not concerned with a communication, it 
has to get the frames in account for timing control. 
For instance, it has to reload its time to keep silent. 
And if several units have reload there time to keep 
silent at the end of a communication, the values 
reloaded must be different to avoid conflicts on the 
next communication. Again, a random value is 
added to make timing different. 

Here is a data timing chart of the transmitted signal 
of the different units (see Figure 24). 

Anyway, all units must send there message in less 
than two seconds. 
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Figure 24 
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Ack. 


U3 wants 


REMOTE CONTROL USING ST7537 AND ST6 


_ Tsilent (Priority) 


to transmit 
Message to US U3 


U4 wants 
to transmit 


Tsilent (Priorit 


_ Tsilent (Priority) 


1V.1.3 - Timing Control 
All these timing are resumes in the following table. 


In order to implement these timing, an easy way is 
to use a single timer and several registers corre- 
sponding to the different delays you want to count. 
The timer will decrease the registers at each over- 
flow, and the counters are "launched" by loading a 
value in the corresponding register. An example of 
implementation on ST6265 is given in part Ill. 
This access protocol allows an additional network 
priority: if you allow unit 1 (U1) to transmit before 
unit 2 (U2), then U1 will always sends its messages 
before U2, and will have a highest network priority. 
By choosing the range of TsilentF of a unit, you will 
then choose its priority. 


Values for TsilentR. 


IV.2 - Example of Implementation of Soft Car- 
rier Detector 

We have seen that by programming the TxD to "0" 
in receive mode we increase the sensitivity of the 
ST7537 because there is no more clamping by CD. 
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Symbol 
Total duration of transmission esl 
fe cd Maximum duration of transmission after starting Feature included in ST7537CFN 


TsilentR | Lenght to wait from the end of a remote transmission to | 85 ..125ms| At least 7 values 
initiate a transmission 


Acknowledge sent after PO eOmer Pel 
Retry transmitting 30.7ams|o 
TsilentT Duration between two transmissions of the same device | 125ms | ti(i‘sSOSCSC*‘*”d 


esac us 


You will be able to have good communication with 
a receive signal of around 50dBrV which means a 
dynamic of around 70dB. 

Because we want to get the benefit of the very good 
sensitivity of the ST7537, we will program Txd to 
"O" in receive mode and create by soft a frame 
detector . We will use the CD signal as mentioned 
by CENELEC only when we want to transmit a 
frame . Different software frame detector can be 
implemented depending of the resources of your 
microcontroller. You can program your microcon- 
troller to go in receive frame when it received the 
expected byte. 


Figure 25 


RxD PREAMBLE EXPECTED BYTE 


RANDOM DATAS FRAME 


So the preamble is for demodulator training (when 
you start a communication the 3 first bits are lost by 
the receiver) and when you will match with ex- 
pected byte the microcontroller will go in receive 
frame routine. 
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On the ST6 microcontroller we have implemented 
the following frame detector. 


Figure 26 


RANDOM DATAS 


We put Txd =" 1" on the transmitter for around 4ms 
(for demodulator training) and 


after we send in asynchronous mode FFh following 
by the complete frame. On the receiver , we check 
that we have RxD equal to "1" for at least 7ms (we 
are looking for FFh) , then we go in receive and we 
will have frame synchronisation on the first start bit 
of the data. 


We did a trial in our lab with this system during 
2 hours without having the ST6 going in frame 
receive routine on bad datas dued to noise signal. 


IV.3 - Implementation of C.S.M.A on ST6265 


The C.S.M.A. (Carrier Sense Multiple Access) 
needs a Timer for its implementation. But the 
ST6265 timer 1 is already used for bit time and 
software carrier detect. Furthermore, sometimes 
the timer has several functions at the same time, 
so the timer programming becomes very compli- 
cated. 


In order to simplify this programming, we have 
implemented a single time delay corresponding to 
bit time (f = 1200Hz ). So for each mode there is a 
counter corresponding to a delay. The counters are 
incremented (or decremented) in the timer interrupt 
routine while they are cleared (or affected with 
values) in main program. 


For C.S.MA. specifications, we use two counters : 
- Xmit_count 
This is the delay before retransmitting 
- Rmit_count 
This is the delay before transmitting after a recep- 
tion 
These counters are decremented in Timer 1 inter- 
rupt routine and flags are set when they become 
null. These flags are allowing the sending of a 
frame. Acknowledge frames are not concerned with 
these timing. 
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With this way of programming , the places where 

counters are loaded are very significant : 

- Xmit_count is loaded at the end of the message 
sending procedure in order to wait an acknow- 
ledge (30ms) and at the end of the reception of a 
good acknowledge (time between two transmis- 
sions of the same device : 125ms). 

- Rmit_count is loaded at the end of a reception 
with a random value (time between two transmis- 
sion of different devices : 85 to 115ms). 

The timer will allow the sending of a frame after 

C.S.M.A. delays. 


Figure 27: Sending a frame after C.S.M.A 
Delays 
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V - CONCLUSION 


The ST7537 master and slave systems are demon- 
strative applications with low cost components. 
These boards are realised with discrete compo- 
nents but the size of these applications can be 
reduced by using a switching power supply and 
SMD (the ST7537 and the ST6265 are both avail- 
able in small outline plastic). Several improvements 
should be done in order to make a more flexible 
product : 


- Network management : All the addresses are 
fixed except the slave system address (switches). 
The software should be able to change the Home 
address, and objects addresses. This job needs 
management frame reception, emission and con- 
trol, 

- Byte transmission improvement : the software is 
reading the value on Rxd pin only one time (at the 
half of the bit), it would be better to do it several 
time to avoid spike perturbations, 


VI - ANNEXE A: ST6x PROGRAMS 
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- Frame transmission : the transmission is asyn- 
chronous with odd parity and there is a frame 
parity byte at the end of the frame, but if errors are 
detected, they are not corrected. A correcting 
code should be implemented in less than 
200 bytes on ST6x, 


- Power control : the 50Hz/60Hz detection should 
be done automatically instead of using a jumper. 
And the number of stages in dimming mode 
should be increased to obtain a pseudo-continu- 
ous variation. 


All these modifications are realisable, because the 
program is less than 800 bytes long and the MCU 
is working at 5.5MHz, so there is place and CPU 
time left. The software is divided in module, so parts 
can be removed, and mains programs source 
(master.asm and slave.Asm) are less than 
300 lines long. 


The program is divided in several modules, so it is easy to take parts of it and it is more readable. The 
master system and the slave system have common parts, but the mains programs are not the same. 


Table 14 : Modules Used in Master and Slave Boards 


Name Function 
6215_reg.asm Common 62xx core registers 


ST6_7537 asm Byte communication with ST7537 


Def_fram.asm Frame control 


Address switches management 
Display.asm 7 segment display management 


Potentiometers and push-button management 


Pot_et_b.asm 


Powerctl.asm Power control 


System 


Master/Slave 


Master/Slave 
Master 


Master.asm Main master program 


Slave 


Dimmer.asm Main slave program 


Master 


Slave 


The master and slave programs are compiled without linker, but when using the powerctl.asm module the 


option: 
block 64% S64 


is included in order to provide a good window banking for the tables in rom (AR values for dimmer 
application). That makes the object code bigger than it is but it is the price to pay. 
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[- INTRODUCTION 
[.1 - General Purpose 


In the Application Note AN535, we described how 
to implement the basis of a power line network 
using the dedicated modem chip ST7537CEN. This 
network has been validated with ST7537 MASTER 
& SLAVE systems, and shows the feasibility of 
power line control. But Home automation systems 
allow more than switching a light, or changing the 
value of a digit. The possibilities of the network 
increase each time we connect a new device on it. 
For instance, adding a phone remote system will 
allow the remote (from anywhere on the planet) 
control of devices connected on the network only 
by calling your house. The phone remote system is 
now demonstrating this fact : a telephone interface 
that allows the householder to give instructions to 
appliances from outside. 


1.2 - Description 


The phone remote system is a device connected to 
both telephone line and power line network. It is 
able to detect the phone ring, to hang up the line, 
and "converse" with the householder. This dialogue 
is done by using the DTMF (digital tone multi- 
frequency) generated by the remote phone. To 
answer back, the phone remote system is beeping. 
Of course, this is a low cost choice and the system 
can be improved by using a voice synthesiser with 
on line help and so on... 


Phone Remote System Connected 
to the Power Line Network 


Figure 1: 


i _| 
REMOTE 
OBJECT 1 


In a classical electric installation, this device would 
have used one control cable for each controlled 
object. With power line control, you just have to plug 
it and the link is done with all devices controlled by 
mains network. 


PHONE 
REMOTE 
SYSTEM 


Telephone 
Line 


REMOTE 
OBJECT 2 


1.3 - Improvements 


The part Il describes several improvements done 
to the communication program explained in 
AN535.These modifications allow new features : 

- software carrier detect, 

- C.S.M.A. timings (Carrier Sense Multiple Access), 


and the use of communication modules in phone 
remote program. 
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ll! - POWER LINE COMMUNICATION USING 
ST7537CFN 


The ST7537 CFN power line modem complies with 
the regulation described in the CENELEC 
EN50.065-.1 document, (so frequency, bit coding 
and other useful features are included in the chip). 
Nevertheless, the designer of an application has to 
take in account the power line communication 
specification when writing his protocol. For in- 
stance, access protocols are required for coexis- 
tence on the medium. 


ll.1 - C.S.M.A. Timings 


The following paragraphs give a concrete case of 
communication on power line network. In first, only 
2 devices are connected to the network. Then, 
others devices are connected, and we will be con- 
fronted to a real network specification. 


Communication between 2 units 

This is the simplest case of communication. Only 
two devices are able to send and receive packet on 
the network. One unit sends an order, the other one 
is replying with an acknowledge (see Figure 2). 


Figure 2 : Two Units on the Mains 


Order Frame p 


ST7537 
PLM 
COM. 


Unit R 


ST7537 
PLM 
COM. 


Unit T 


<4 Ack Frame 


The unit T checks that the network is free for access 
thanks to the Carrier Detector, then it sends its 
frame and waits an acknowledge during a delay 
Twack. The unit R receive a frame and sends an 
acknowledge if R is the destination of the frame. R 
must send the ack. frame before the end of Twack. 
If it is not the case, or if T has not received the 
acknowledge, T tries again to send the order. Of 
course the frame format must allows error detection 
by the receiver (order checksum) an by the trans- 
mitter (checksum in ack. frame). In most of the 
case, communication occurs without error, and the 
both units must keep silent for a delay Tsilent in 
order to leave time for application control. To allow 
the two units to transmit, the unit T has to wait more 
than R, so R will be the first to take the channel if it 
needs to transmit. 


If the two units send a frame exactly at the same 
time, they will not receive ack. frame, so they will 
retry after a delay (Twack). Arandom value is added 
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to make one of the two unit faster than the other With several units, the timing is the same, but even 


one. The total delay is Tretrans. if a unit is not concerned with a communication, it 
Communication with several units has to get the frames in account for timing control. 

For instance, it has to reload its time to keep silent. 
Figure 3 : Several Units on the Mains And if several units have reload there time to keep 


silent at the end of a communication, the values 
reloaded must be different to avoid conflicts on the 
next communication. Again, a random value is 
___ Order Frame __ 5, added to make timing different. Here is a data 

Ack Frame timing chart of the transmitted signal of the different 
units (see Figure 4). Anyway, all units must send 
there message in less than two seconds. 


Mains 50/60Hz 
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Figure 4 : Power Line Communication Data Timing 
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Timing control 
All these timing are resumed in the Table 1. 
Table 1 : C.S.M.A. Timing 


Sb 
Total duration of transmission 
1s 


Maximum duration of transmission after Starting Feature included in 
: ST7537CFN 


TsilentR | Length to wait from the end of a remote transmission to 85 ..125ms | Alleast 7 values 
initiate a transmission 


Twack | Acknowledge sent after | 0.30ms | 
Retry transmitting 30 .. 72ms 
TsilentT Duration between two transmissions of the same device | 125ms fo 
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In order to implement these timing, an easy way is 
to use a single timer and several registers corre- 
sponding to the different delays you want to count. 
The timer will decrease the registers at each over- 
flow, and the counters are "launched" by loading a 
value in the corresponding register. 


This access protocol allows an additional network 
priority: if you allow unit 1 (U1) to transmit before 
unit 2 (U2), then U1 will always sends its messages 
before U2, and so will have a highest network 
priority. By choosing the range of TsilentR of a unit, 
you will then choose its priority. 


Table 2 : Priority According to TsilentR 


{1.2 - Soft Carrier Detector 


We have seen that by programming the TxD to "0" 
in receive mode we increase the sensitivity of the 
ST7537 because there is no more clamping by CD. 


You will be able to have good communication with 
a receive signal of around 50dBuV which means a 
dynamic of around 70cB. 


Because we want to get the benefit of the very good 
sensitivity of the ST7537 , we will program Txd to 
"0" in receive mode and create by soft a frame 
detector . We will use the CD signal as mentioned 
by CENELEC only when we want to transmit a 
frame . Different software frame detectors can be 
implemented depending of the resources of your 
microcontroller. You can program your microcon- 
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troller to go in receive frame when it received the 
expected byte. 


Figure 5 : Rxd Data Timing 
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So the preamble is for demodulator training (when 
you start a communication the 3 first bits are lost by 
the receiver) and when you will match with ex- 
pected byte the micro-controller will go in receive 
frame routine. 

On the ST6 microcontroller we have implemented 
the following frame detector. 


Figure 6 : Preamble Detector 


FFh | } DATA 
FRAME 


RANDOMDATAS : "1" : 
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We put Txd =" 1" on the transmitter for around 4ms 
(for demodulator training) and after we send in 
asynchronous mode FFh following by the complete 
frame. On the receiver , we check that we have RxD 
equal to "1" for at least 7ms (we are looking for 
FFh), then we go in receive and we will have frame 
synchronisation on the first start bit of the data. 


We did a trial in our lab with this system during 2 
hours without having the ST6 going in frame re- 
ceive routine on bad datas due to noise signal. 
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l1.3- Implementation on ST6265 


The C.S.M.A. (Carrier Sense Multiple Access) 
needs a Timer for its implementation. But the 
ST6265 timer 1 is already used for bit time and 
software carrier detect. Furthermore, sometimes 
the timer has several functions at the same time, 
so the timer programming becomes very compli- 
cated. 


In order to simplify this programming, we have 
implemented a single time delay corresponding to 
bit time (f = 1200Hz). So for each mode there is a 
counter corresponding to a delay. The counters are 
incremented (or decremented) in the timer interrupt 
routine while they are cleared (or affected with 
values) in main program. For C.S.M.A. specifica- 
tions, we use two counters : 
- Xmit_count : This is the delay before retransmit- 
ting, 
- Rmit_count : This is the delay before transmitting 
after a reception. 


Figure 7 : Sending a Frame After C.S.M.A. Delays 
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These counters are decremented in Timer 1 inter- 
rupt routine and flags are set when they become 
null. These flags are allowing the sending of a 
frame. Acknowledge frames are not concerned with 
these timing. 


The timer will allow the sending of a frame after 
C.S.M.A. delays (see Figure 7). 


With this way of programming, the places where 
counters are loaded are very significant (see Fig- 
ure 8): 


- Xmit_count is loaded at the end of the message 
sending procedure in order to wait an acknow- 
ledge (30ms) and at the end of the reception ofa 
good acknowledge (time between two transmis- 
sions of the same device : 125ms), 

- Rmit_count is loaded at the end of a reception 
with a random value (time between two transmis- 
sion of different devices : 85 to 115ms). 


Figure 8 : Timer 1 Flow Chart 
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lil - PHONE REMOTE SYSTEM 
lll.1 - General Description 


The phone remote system is using the ST7537CFN 


vide remote control. The Figure 10 propose these 
functions. 


Figure 9 : Block Diagram 


chip and its line interface for power line communi- 
cation (see Figure 9). The control unit is ST6265 
microcontroller (SGS-THOMSON) that has several 
functions. 


The telephone interface is described in further de- 
tail in next paragraph. The MCU mains functions 
are : 

- detect a ring, 

- take the line and hang up, 

- decode DTMF code, 

- make some "beep’, 

- control the modem chip, 

- display its status (leds for instance). 


These functions are the minimum required to pro- 


Figure 10 : ST6265 Application 
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ST7537 interface 


The ST6265 is directly connected to $T7537, ex- 
cepted the clock that must be divided by a factor 2 
(ST6265 is validated at 8MHz max. and ST7537 
provides a 11MHz clock signal). For further details, 
refer to AN535. 


Hook-off 


The hook-off system must be able to take the line. 
Arelay connected to the two wires of the telephone 
line complies with all regulations. See telephone 
interface part for more information. 


Figure 11 : Hook-off Schematic 
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Ring Detect 


An opto-transistor is used to detect the ring signal 
on the line. So the system is isolated from the line 
and the microcontroller receive a 0 to 5V signal. 


Figure 12 : Ring Detect Schematic 
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For example, this is what appears on ring detect pin 
with a French standard line (see Figure 13). 


The first line is the ring detect signal which is 
zoomed on the second line. On French lines, the 
ring is about 1.5 second and the silence is about 
3.5 second. That means a ring period of 5 seconds. 


Figure 13 : Ring Detect Signal & Ring Detect Signal Zoomed 
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Sound Generation 


Sound generation allows reply from the system. 
MCU just sends square signal that makes a beep. 


Figure 14 : Sound Generation Schematic 


SOUND 
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DTMF Decoder 


Users send orders with DTMF code. These codes 
are decoded with a DTMF receiver LC7385 
(SANYO). It is configured in single ended input. It 
has a dynamic range input of 29dBM. 


Figure 15 : Single Ended Input Configuration 
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Figure 16 : DIMF Receiver Timing Diagram 
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When receiving DTMF code, this IC chip is gener- 
ating the following signal (see Figure 16). 


Ill.2 - Telephone Line Interface 


The line interface must verify regulation of system 
connected to telephone line, that’s why it is de- 
scribed in detail here. Line interface input imped- 
ance and current consumption has been adjusted. 
In the following schematic, the transformer accept 
continuous current and current consumption is 
done by a resistor and a capacitor in parallel. 


Figure 17 : Telephone Line Interface 
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SIGNAL 2 


.2.1- Isolation 


As the phone remote system is connected to the 
telephone line, it must be isolated from high volt- 
ages that may occurs on it. There are two connec- 
tions to the line : 


- the ring detect interface is isolated with an opto- 
transistor, 

- the DTMF & sound generation interface isolation 
is made by a transformer and a voltage limitation 
by zener diodes. 


Furthermore, a transil diode between the two line 
wires limits the input voltage. 
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11.2.2 - Input Impedance 


The input impedance has been adjusted by chang- 
ing Ri value (see Figure 17) with a Wheastone’s 
bridge method explained in the Figure 18. 


Figure 18 : Wheastone Bridge 
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SYSTEM 


e 
t = aaieaiag 
alpha = 20 log Du 


e is generated by a HP3325B generator and u is 
read on a Fluke 45 controller. We made e scanning 
frequency from 300 to 4000Hz. The maximum val- 
ues for u are shown in the Table 3. 


Table 3 : Error Voltage versus Ri 


RI (Q) | u (mV) | RI(Q) | u (mV) || RI) | U (mV) 

200 soo [69 | aes [ao | 400 | ar | 
275 | 44 | 350 | 41 | 500 | 63 | 
| 300 | 40 | 375 | 45 | 600 | 75 | 


Ri has been fixed at 300. That mean an adapting 
coefficient (alpha) : 


1 
alpha = 20 | = 2idBm 
P °95 0.04 


French standard specifies a value superior to 
14dBm. 


Figure 20 : Hook-off Between Two Rings 
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Figure 719 : Error Voltage Versus Ri 
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11.2.3 - Current Regulation 


Line current regulation is not needed in several 
countries. For these countries, a strap allows to 


disable current regulation which is done by a CTP 
resistor. 


Il.2.4 - Hook-off Procedure 


When taking the line, the system must care of the 
ring train. If it takes the line when phone is ringing, 
the relay will switch a voliage superior to 70 Volts. 
To avoid this, the best way is to wait a silence (no 
ring). The phone remote system is waiting the end 
of a ring to take the line, as shown in the Figure 20. 
The first line is the relay command and the second 
line is the ring signal. 
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1.3 - Mains Flow 


The phone remote system has a very simple pro- 
gress. It only has to wait after a ring, count for a 
pre-defined number of rings, take the line, ask for 
a password, and then send the user’s orders on the 


Figure 21 : Phone Program Main Flow 
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power line network (see Figure 21). 


For security reasons, the user has only three tries 
to enter his password. If this operation is success- 
ful, he is allowed to send orders, otherwise the 
system hangs up (see Figures 22 and 23). 


Figure 22 : Password Dialogue 
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Figure 23 : Orders Dialogue 
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il.4 - Application Procedure 


This part describes installation and utilisation of the 
phone remote system. 


11.4.1 - Installation 


The phone remote system needs to be connected 
to the mains and to the telephone line. 


Connecting to mains : 

Before connecting the phone remote system to 
mains, verify that the selected voltage is the same 
as your mains installation. The default voltage is 
220 Volts/50Hz. 

Connecting to telephone line : 

The telephone line connector is a RJ11 type. This 
connector is wired according to French specifica- 
tions. 


Figure 24 : RJi1 Connector 


. Unused 
* Phone 
: Line 

: Line 


: Phone 
: Unused 


li!.4.2 - Description 


The phone remote system owns several switches 
and LEDs that indicate status and allow the con- 
figuration of parameters as number of rings, confi- 
dential code, ... 


Table 4: Parts Description 


User for switch the device ON/OFF 


Mini switch User to select the delay before 
hook-off : 3 or 5 rings 


User to reinitialize the status LEDs 
(single push) or to reinitialze the 
protection code (3 seconds push) 


Hook-off LED 
Ring LED 


Orange LED (L2) | Bad power line network address : 
no acknowledge 


11.4.3 -Use 
Enter Confidential Code 


When calling the phone remote system, you have 
to wait three or five rings. Then the system hooks 
off and beeps three times. You have twenty sec- 
onds to enter the confidential code by using your 
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phone keyboard. Only DTMF phones are sup- 
ported. The initial value of the code is 0000, but of 
course you can change it. If the code entered is the 
good one, you are allowed to give orders. Other- 
wise, you have two other attempts. 


Enter Orders 


An order is an object address (two digits), an appli- 
cation number (one digit) and a value (one digit). 
After you have entered the objet address, you hear 
three beeps (or you have to retry). Then you enter 
the application number, and you hear three more 
beeps. Atlast, you enter the application value. If you 
hear three beeps, that means the message has 
been sent and that an acknowledge has been 
received. Then you are allowed to send an other 
order. 


Figure 25 : Address Format 


Appli. 
Number 


: Value 


2 digits S3beeps idigit Sbeeps i digit 3 beeps 


The slave sytems have address values from 

00 to15. For these systems the application number 

select the dimmer (number 1) or the digit (num- 

ber 2). The value is the number diplayed on the 

digit, or the light intensity. For instance : 

- "15,2,0" will display 0 on the slave system wich 
address is 15, 

- "13,1,9" will switch the light on slave system num- 
ber 13 on. 


There are special orders for phone control : 

- if you enter "99,1", then the system will beep you 
the confidential code. If the code is 3456, you will 
hear 3 beeps then four, then five and then six 
beeps, 

- if you enter "99,2", and four digits, these four digits 
will be the new confidential code to use for further 
call. 


Table 5 : Allowed Orders 


Action 
Y = 1 Light 
intensity = Z 
Y = 2 Display 
value = Z 


Beeps the 
confidential code 
0000 < XXXX < 9999 | New value for 


00 <XX< 15 
O<Zs<9 


99,2,XXXX 


confidential code 
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Local Configuration 


The yellow LED is lighting when "the phone is 
ringing". After 3 or 5 rings (depending on mini- 
switch), the system takes the line, and the green 
LED remains on during all the phone dialogue. If 
three bad codes are sent, the red LED will switch 
on. If a power line communication error occurs, the 
Orange LED will light. The red and the orange LED 
will be left on, so a single push on the push-button 
will switch these LED off. 


lf you push on the push-button for more than 3 sec- 
onds, the confidential code will be changed to 0000. 
The confidential code is stocked in EEPROM and 
will remains even if you disconnect mains. 


IV - CONCLUSION 


The phone remote system increases the facilities 
offered by your automation network. With this sys- 


tem you can send orders by using DTMF code. By 
using a memory phone or a pocket dialler, you 
would be able to send orders only by choosing the 
system you want to talk to. For instance, you push 
the button called "heating on" and the order is 
immediately sent to the heater. Furthermore, you 
could select an other temperature for the heating 
system, or ask for the temperature in any room of 
your house. These improvements are possible by 
adding a voice generator (SGS-THOMSON has 
dedicated voice chips) and if temperature sensor 
and heater are connected to the network. The 
phone remote system detailed in this note has not 
all these facilities, but itis a very low cost application 
with only few components and low cost choice for 
MCU and phone interface. The ST7537 is providing 
the power line communication and a hardware 
watchdog, while leaving resources for a low cost 
microcontroller. 
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V - ANNEXE 1: BILL OF MATERIALS 
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| - SWITCHING POWER SUPPLY DESCRIPTION 


The power supply described in this document has 
been realised in order to powering the Power Line 
Modem S1T7537 applications. It provides 5V and 
10V to supply the ST7537 and a microcontroller. 
This power supply has the advantage of its small 
size, that is very important for Home System de- 
vices. 


Table 1 : Flyback Converter Specifications 


Output Voltage 20% of load 
100% of load 


Dynamic of Input Voltage 


1.2 - Schematic 
Figure 1 : Flyback Converter 
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Test Conditions 


OutputMaximumPower | . 
Precision of Regulation Between 20% and 100% of load 


Variation in Voltage At 75% of load 

According to Mains 

Yield 80% of max. power, 0.218A on 10V and 0.15A on 5V 59 
100% of max. power, 0.3A on 10V and 0.15A on 5V 6 
100% of max. power 0.45A on 10V 74 


Ambient temperature : 25°C 
Ambient température : 85°C 

Ambient temperature : 55°C 
lo = 450mA before regulator 


I.1 - General Description 


The power supply is a 4.5W flyback converter 
which supply 10V DC with a switching supply proc- 
ess. Its uses a UC3845 circuit that generate a 
32.5kHz square signal which drives a STK 2N50 
MOS or equivalent. The 5V DC is provided by a 
regulator L78MO05 CS. In the version of the supply 
tested the supply board side is less than 4cm. 
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Table 2 : Bill of Materials 
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Il - SWITCHING POWER SUPPLY TESTS 


Several tests have been done on the flyback con- 
verter and this section describes the way the tests 
have been done and shows the results. 


ll.1 - Voltage versus Power 


The power supply has been loaded on its 10V 
output by resistors of different values . The 5V DC 
has not been connected. The power has been 
calculated and results are shown below. 


Table 3: Voltage, Current and Power 
Consumption 


(2) (V) (10°A) (W) 
|___ Nothing | 1087 | 
| 210 | 
eet! 


210 


Figure 2 : Voltage Versus Power 
Voltage (V) 
0 
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li.2 - Current Consumption 


The consumptions of the ST7537 demo-board 
have been tested during the B.E.R. test with the 
flyback converter powering the transmitter, and 
then the receiver. Values are given in the table 
below. In the Worst case, the load on the mains 
was only a few Ohms : all the laboratory devices 
were connected to the mains (with a personal 
computer which has a switching supply). The 5V 
does not depend on the impedance of the mains, 
it is only powering the microcontroller 
(ST90E28L6), the 3 LED’s, and the RS232 driver 
(MAX 232). 
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Table 4: Flyback Converter with Demo-board 


Consumption 
220V AC 25.8mA 


Voltage 
Z20V AC (worst e256) 
10V DC 86.8mA 28.5mA 


10V DC (worst case) 133mA 28.5mMA 
5V DC 35.4mA 


11.3 - B.E.R. with Switching Power Supply 


The Bit Error Rate test needs two demo-boards, 
one for transmission, the other one for reception. 
The board with the switching supply has been set 
in receive mode and in transmit mode. Each time 
the B.E.R. results are the same as with regulated 
supply. On the transmitting demo board the pin 
TEST1 is set to 1 to allow continuous transmission. 


Figure 3: Switching Power Supply Powering 
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Figure 4: Switching Power Supply Powering 
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Results 


Measurements are made using the laboratory 
power network. On this network, several devices 
were producing noise : 

- Tektronix 2247A oscilloscope, 

- HP 3225B synthetiser, 

- Weller WECP-20 soldering iron, 

- Topward TPS 4000 power supply, 

- A light. 
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There has been no error for more than a 15 minutes 
test period (in the two conditions). In 15 minutes 
there is: 

15 -60- 1200 = 1080000 bits. 
That means a B.E.R. < 10°. 


B.E.R. < 10° 


11.4 - Spectrum Frequency and Cenelec 


The PL.M. has been connected to a spectrum 
analyser in order to see the influences of the flyback 
converter. The Cenelec specification n° EN 50065- 
1 PEAK values limit has been drawn (see the 


following table). The spectrum has been done with 
a HP 3585 spectrum analyser, configured accord- 
ing to Cenelec ; that means a bandwidth of 100Hz, 
and the use of the MAX HOLD function in order to 
keep the peak values. 


Table 5 : Cenelec Specifications 


Frequency Limits (dBLV) Limits (dBuV) 
Band (MHz) Peak Values Means 
0.15 to 0.5 66 to 46 56 to 46 

0.5 to 5 


[sa | of 0 


Figure 5 : ST7537 Demo-board with Flyback Converter 
Lvl Peak Value (dB uV) 
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Figure 6 : ST7537 Demo-board with Regulated Supply 
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Ill - MEASURE ON MAINS 


During these tests, the transmit signal has been 
measured by connecting a spectrum analyser as 
described in Figure 7. This operation needs to 
isolate the analyser from the earth and to connect 
its ground level to the neutral. A capacitor of 2.2nF 
is used to filter the 50Hz and a voltage divider 
(resistors) is used to measure the signal. The sup- 
ply is shielded to avoid radiation. 


The values give theses results : 
Rtotat = 4800 + 1450 = 62500 
Fo =(Rtotat -C- 2-2) =1.1kHz 


Fo = 1.1kHz 


RTOTAL 
1450 


Vreacas = Vuesas + 32.7dB 


The values read on the spectrum analyser are 
32.7dB under the real values. The values on all the 


VREAL = 10 - Ves - 


Figure 8 : Mains without Device 
; Lvl Peak Value (DB pV) 


Spectrum 1 
Bandwith 100Hz 


Figure 9: The P.L.M. is Alone on the Mains 
5 Lvl Peak Value (DB pV) 


300 


Spectrum 2 
| Bandwith 100Hz S1T7537 + Switching Power Supply 


following spectrums has been corrected and take 
into account the 32.7dB gain. 


Figure 7: Connecting the Spectrum Analyser 


to the Mains 


2.2nF 400V 
Phase of 


Spectrum 
Analyser 


Neutral O 


ill.1 - Mains Alone 


In this case, the spectrum analyser has been con- 
nected to a laboratory mains without device on. 
This test gives an idea of the noise you can get on 
the mains. 


500 
Frequency (kHz) 


- a ee 
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ll1.2 - Mains with BL.M. Communication 


This spectrum has been realised while the B.E.R. 
test was in progress. The two ST7537 demo-board 
were the only devices connected to the mains. The 
peak values have been obtained by using the MAX 
HOLD function of the spectrum analyser. The car- 
rier frequency is at 132.45kHz. 


111.3 - Mains with P.L.M. Communication and 
Several Generators 


vices such as drill, Hoover, ... So the noise appears 
on the spectrum, and it is possible to compare the 
noise level and the signal level. During all theses 
tests, the B.E.R. test was in progress. 
No errors has been detected. 

The table on the following page gives the conditions 
at the moment of the realisation of the spectrum. 
The values have been registered by the use of the 
spectrum analyser HPIB interface, and are peak 


values. Each graph is realised with 1001 points. 
These tests have been realised with several de- 


Table 6 : Conditions of the Tests 


All the devices are operating under 220V 50Hz. The analyser bandwidth has been set to 10kHz. The different 


spectrum are given below. 


Figure 10 : Transmitting while Using a Drill 
Lvl Peak Value (DB pV) 
40 


Spectrum 3 
Bandwith 10kHz 
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Figure 11 
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: Transmitting while Using a Drill (wide Spectrum) 
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Spectrum 4 
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Figure 12 : Transmitting while Using a Neon Lighting 
56 Lvl Peak Value (DB pV) 


Spectrum 5 
Bandwith 10kHz MAINS Spectrum Frequency 


Frequency (kHz) 


Figure 13 : Transmitting while Using a Hoover 
‘ Lvl Peak Value (DB uV) 


ee Rees) 
Spectrum 6 
Bandwith 10kHz MAINS Spectrum Frequency 


50 100 150 200 450 500 
Frequency (kHz) 


Figure 14 : All the Laboratory Devices on Use 
‘ Lvi Peak Value (dB pV) 


Spectrum 7 Es MAINS Spectrum Frequency i 
Bandwith 10kHz ST7537 + Switching Power Suppl 


ey OTP CAA PW dt 


Pyy | 


50 500 
Frequency (kHz) 


In this last graph, the level of the ST7537 carrier has fallen to 104dB pV because of the load on the mains 
(we have connected a personal computer which has a switching power supply). Nevertheless, the 


communications occurs without any errors. 
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IV - CONCLUSION 


Even with a high level noise or important distur- 
bance on mains, or even a load under 5Q, the 
ST7537 has a B.E.R. under 10° (we have not 
detected any error during all the test period). Power 
line system communication needs a ST7537, a 
power line interface, a control system, and a 10V 
DC supply. The power line interface is already 
existing, and SGS-Thomson provides a large range 
of microcontrollers (interface between ST9 micro- 
controller and ST7537 has been realised). The 
flyback converter comes to provides 10V DC for 
P.L.M. (and a 5V DC for the microcontroller) and 
replace the classical regulated supply. The ST7537 
and power line interface consumption lets more 


than 2.5W for microcontroller and application, 

available in both 5 and 10V. The 10V fluctuations 

are under the ST7537 specifications (which needs 

10V 410%). 

In fact, the flyback converter is really suited to 

ST7537 applications : 

- Its voltages complies with ST7537 specifications, 

- It does not disturb the transmit spectrum, 

- The performances of the power line modem are 
the same as with regulated supply, 

- Its size allows its use in small systems, like home 
system applications, 

- The 4.5W power provides supply for both P.L.M 
and microcontroller. 
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S1T7537 POWER LINE MODEM 


SUMMARY 


| INTRODUCTION. tees essed eswos sees 
II STARTER KIT FEATURES............ 


il BOARD CONFIGURATION 


IV SCHEMAMNCS iii ce aats cope tacacewess 


| - INTRODUCTION 


The ST7537 starter kit has been developped in 
order to help customer for designing a Home Auto- 
mation System. 

Everything needed for using the micro-controller 
ST9 is on board and the ST7537 starter kit is fully 
compatible with the ST9 starter kit. 


By Joél HULOUX 
Document page 


Se ee ee ee ee eee ee ae 1 


1 
Ss eee dasareea facia: & uae ch Tome ane ctw ate be ee 2 
3 


All connections for ST7537 and ST9 are on board 
and the only wiring you have to do is your applica- 
tion. 

The board has been designed for the ST90E40 so 
you are not limited on resources and you can 
choose the microcontroller you want. 


RS232C 


ST7537 
STARTER KIT 


ll- STARTER KIT FEATURES 


On the starter kit 2 applications are selectable : 
- RS232C application 
- ST9 application 


With the starter kit you have : 


January 1994 


ST9 
STARTER KIT 


- application note 

- Starter kit board 

- power transformer 
- RS232C cable 

- demo software 
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lil - BOARD CONFIGURATION 


TRANSFORMER 


RS239C : POWER SUPPLIES 
+5V / 4+10V 


TEST 1 


Sto PTET TOF TTY 


$T7537 
ST90E40 


WRAPPING 
AREA 


$17537 STARTER KIT 


- Application choice is made thanks to SW 1,2,3 INT2, INT5 or INT7 by using the JP1. 
and 4. You can select ST9 or RS232C application. - The starter can be configured to work in asyn- 
- During your developpment you could need to chronous or in synchronous mode with : 
transmit more than 1 sec (specified by SW6 -— Rxd connected to Sin(P70) Async 
CENELEC), you can do so with SW5 (Pin TEST1 Rxd connected to P74 Sync 
of 7537 ). SW7 — Txd connected to Sout (P71) Asynce 
- The Carrier Detector can be connected either to Txd connected to P75 Sync 
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Figure 2 
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APPLICATION NOTE 


SYNCHRONOUS POWER LINE MODEM COMMUNICATION 
WITH ST9 MULTIFUNCTION TIMER 


Required tools : ST9/ST7537 PLM Starter Kit, By O. GARREAU 


INTRODUCTION 


This application note provides an example of an 
ST9 MFT application handling a Home Automation 
synchronous protocol. It presents a way to easily 
communicate on a synchronous Network. Each 
node of this network may consist of the Power Line 
Modem (PLM) Starter Kit or of the Home Service 
(HS) macro-component, provided that it includes 
the ST9 plus ST7537 modem chipset. 

This PLM Starter Kit helps also in developing the 
ST9 version of "HOME SERVICE’ European Home 
Automation Protocol. 


The ST7537 modem may work in both synchro- 
nous and asynchronous modes at a Baud rate of 
1200. There is no problem in building an asynchro- 
nous interface with the ST9 due to the capabilities 
of its SCI (Serial Communication Interface). The 
asynchronous protocol may be programmed di- 
rectly and all work is done by the SCI. However the 
synchronous protocol has different requirements. 


In order to program a synchronous protocol, it is 
not possible to use the SCI lines that are reserved 
for asynchronous communications. The solution 
resides in using the Multifunction Timer of the ST9. 


The most simplified synchronous protocol may 
consist in a simple 3-wire link (The Receive Data 
line, RxD, the Transmit Data line, TxD and the 
signal Ground). 


Similar to the asynchronous mode, no clock signal 
is available in the PLM synchronous mode and the 
time reference is included in the RxD signal. It is 
clear that the clock frequency should be known and 
determined in advance by both emitter and re- 
ceiver. For our application working as the LAYER 
0 of the ’HS’ Protocol, this frequency is 1200Hz and 
generates thus a 1200 baud rate. Note that the 
signals concerned (RxD and TxD) are ’NRZ, Non 
Return to Zero’ signals. 


The first task that the following procedure performs 
is "Transmission BitClock Recovery’. Here the Mul- 
tifunction Timer TO of the ST9 is used in the back- 
ground. This basic clock signal is also output on a 
timer pin (TOOUTA). 


The procedure that tests the link between distant 
modems, consists in sending from the master mo- 
dem a standard frame, compatible with the ’HS’ 
protocol or not, and in sending back from the slave 
modem the received frame in order to make a 
match test, for example, in the master system 
(which is, in our case, controlled by a Windows 
3.1(TM) program). 


This method can even validate asynchronous 
modes. The test frame is stored in the internal 
memory of the ST9 (in the first 128 bytes of the 
Register File). 


In addition to the RxD and TxD lines, it is possible 
to improve protocol management with extra lines 
called RSTO, CDn, RXTXn and WDn. These lines 
mean respectively RESET modem controller, CAR- 
RIER DETECT, RECEIVE OR TRANSMIT, and 
WATCHDOG signal. ’n’ means that the signal is 
active LOW. 


These lines are specific to the ST7537 modem as 
it is working in its HALF-DUPLEX mode. The direc- 
tion of data flow is chosen by RXTXn state. CDn 
indicates that the modem is about to receive data. 
The WATCHDOG signal is used by the modem to 
check the presence and activity of the CPU (ST9) 
and if activity (meaning a minimum of one negative 
transition per second) is absent, the modem will try 
to reset the CPU. 


To prevent this shut down, WDn may be connected 
to the recovered BitClock (1200 transitions per 
second) or to an IO port (P76 in this case). 


Note: To fully understand this Note, it is recommended that the reader refers to the relevant chapters of the ST9 databook for the 


Multifunction Timers. 


AN430/0695 
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| - HARDWARE LINK BETWEEN ST9 AND 
ST7537 


Figure 1 shows the schematic of this link. As can 
be seen, no additional hardware or components 
are needed. This interface needs only 5 point-to- 
point wires plus the signal ground. It is the lowest 
cost way to connect a ST7537 to an ST9Q. 


All wires are TTL compatible and mono-directional. 
Only one 8-bit port 7 of the ST9 is required, Port 
3.0 (TOINA) is also reserved for this application, 
signal on TOOUTA (P3.1) is the recovered clock, 
event trigger and control the timer, P7.3 P7.4 P7.5 
P7.6 P7.7 are used as simple TTL I/O bits. 


The RxD line is managed by a technique which 
attaches a double function to this single signal. RxD 
triggers the timer and is acting as a synchroniser. 
Its level indicates also the input bit state. The kernel 
of this application is a sophisticated software PLL. 


P7.3 is programmed as an input and reads Carrier 
Detect signal (CDn). 

P7.4 is programmed as an input and reads the 
current input bit state (RxD). 

P7.5 is programmed as an output and sends the 
current output bit (TxD). 

P7.6 is programmed as an output and activates the 
WatchDog signal (WD). 

P7.7 is programmed as an output and chooses the 


Figure 1 : Direct Connection in the Stand-alone Mode 
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direction of data flow (RXTXn). 


The corresponding timing chart of these signals is 
given in the next section. Note that it is not neces- 
sary to connect ST7537 signals like DVCC (Digital 
Output Supply Voltage), RSTO (Reset Output) and 
MCLK (Master Clock) when this application is run- 
ning on the ST9 STARTER KIT. The signal ground 
is of course essential and common to all these 
lines. When the ST7537 Starter Kit is in stand-alone 
mode, the ST9 uses RSTO and MCLK 


ll - TIMING CHARTS OF CONTROL AND DATA 
SIGNALS 


Figure 2 shows the timing and event charts consid- 
ering an example of 3 bits input or output or both. 
The first chart displays Carrier Detect signal, which 
enables the start of transfer. 


The second timing shows the input signal used as 
trigger and data signal. Each ’0’ or ’1’ pulse lasts 
833.3us. The third line is a relative time axis for the 
internal counter TO. The next axis is the Event’ axis. 
The next chart displays the output waveform for the 
recovered BitClock; this preferably should have a 
50% cyclic ratio. 


The last chart is an example of the TxD output 
signal. 
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Figure 2 : Timing Chart of Signal and Data Signals 


CD 


Carrier 
Detect 


sample 


Trig+lO 
RXTX=1 


Relative T/2 T+DT T 
TIME 


for TO DT O 


HARD TRIG HARD TRIG 


EVENT 


CMP1 CMPO CMP1 


WD 


t} T/2=417us t 
TOOUTA ————_—> 


t=toggle 


TxD. 
RXTX=0 


All the powerful features of a ST9 timer are used in 
this application. These include Hardware Trigger 
(HT), Software Trigger (ST), Compare (CMPO, 
CMP1) and Over/UnderFlow (OUF) Events. Both 
HT and ST events reload TIMERO from the REGOR 
Load register. The HT event is automatically gen- 
erated by every low to high or high to low transition 
on the RxD line. 

The CMP1 event is used to rebuild the initial clock 
frequency (of the emitter). The CMPO event sam- 
ples the input signal on RxD or outputs the trans- 


Figure 3 : Software Structure 


| RECEPTION MODE | 
- + ~~ sample sample 7 
"4! 'D' 'D' 


T+DT T 


DT 0 


OUF : SOFT TRIG HARD TRIG 


CMPO 


CMPO CMP 1 CMP1 


t t t t 


mitted signal on TxD or both. 

The OUF event (over-under/flow) allows the 
counter to be reloaded by an ST action, this acts 
as a WatchDog, controlled under software and 
corrects (synchronises) for frequency shift, fre- 
quency fluctuations and phase shift. 

During the time gap (called DT), these parameters 
may vary and can be taken into account, if their 
variation is not too wide. A software parameter 
controls this correction : ’variation’ represents a 
percentage of the whole bit pulse period, called T. 
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Figure 4 : Procedure Algorithm 
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ill - SUMMARY 


The aim of this application note is to demonstrate 
to Hardware designers just how simple it is to 
interface an ST7537 with a member of the ST9 
family. The schematic described in part one is an 
example of the electrical link, however it also de- 
pends on a good quality and conformity of input 
signals. 


First, it is obvious that the RxD signal should be 
perfectly stable and defined during the acquisition 
phase. Then, its working frequency (1200Hz) 
should be reasonably stable and the stability 
should not be worse than 90%. With practical test- 
ing, it is shown that the application works correctly 
between 1150Hz and 1250Hz. All these charac- 
teristics are software programmable. 


This routine has been tested at various transmis- 
sion rates, from 300Hz up to 9600HZ. The software 
defines constants called ’Rxxxxbds’ that corre- 
spond to these rates. That way, this application 
software will stay compatible with new generations 
of multi-speed ST7537 modem. 


Warning : the user must RECALCULATE these 
constants if the ST9 has an external clock (crystal) 
DIFFERENT to the frequency used in this example. 


The nominal working frequency should be 1200Hz 
or 2400Hz in the case of the ’HS’ protocol. 


STA SGS-THOMSON 


In this protocol, data packets are composed of a 
particular frame. Each frame starts with a specific 
header. Typically the beginning of such a header is 
4 bytes: generally FFh, FFh, AAh and AAh. Many 
bits of the first FFh may be lost but the synchroni- 
sation is made actually on the AAh bytes. It is thus 
possible to improve the accuracy of the process. 
The byte AAh is a succession of bits at 1’ and ’0’ 
and can allow frequency optimisation. Using first 
the timer O in its Capture’ mode will define the 
precise distant frequency, a pre-calibration. 


This software improvement may be useful in case 
of a distant frequency very far from the expected 
working frequency (1200Hz in this case). 


The user is free to modify these routines. The bits 
of Port 7 (P73, P74, P75, P76 and P77) are used 
here as I/O bits. It is clear that another port may be 
defined as I/O port in order to free access to 
PORT 7. 


Finally, the user can test a link between two distant 
nodes, or on a bigger network, and use equally 
synchronous or asynchronous protocol . 


As a conclusion, the ST9 microcontroller is a cost 
effective solution for home automation modem ap- 
plications and a synchronous protocol like ’HS’ or 
other customer protocol can be performed in the 
background, requiring little CPU time. 
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Figure 7 : Power Supply 
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ANZ, BiBoueemones 


OUTLINE AND 
MECHANICAL DATA 


PQFPG4 EPS 


TQFP80 


DTQFP80 TBL 


PIN 1 
IDENTIFICATION 


Seating plane 


Gage plane 


PMTQFP80 EPS 
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SALES OFFICES 


EUROPE 


DENMARK 


2730 HERLEV 

Herlev Torv, 4 

Tel (45-44) 94 85 33 
Telefax (45-44) 948694 


FINLAND 


LOHJA SF-08150 
Ratakatu, 26 

Tel (858-12) 3155 11 
Telefax (358-12) 3155 66 


FRANCE 


94253 GENTILLY Cedex 
7 - avenue Gallien - BP 93 
Tel : (33-1) 47 40 75.75 
Telefax (33-1) 47 40 79 10 


67000 STRASBOURG 
20, Place des Halles 

Tel (33-88) 75 50 66 
Telefax. (33-88) 22 29.32 


GERMANY 


85630 GRASBRUNN 
Bretonischer Ring 4 
Postfach 1122 

Tel. (49-89) 460060 
Telefax (49-89) 4605454 


30695 HANNOVER 51 
Rotenburger Strasse 28A 
Tel (49-511) 615960-3 
Telefax (49-511) 6151243 


90491 NURNBERG 20 
Erlenstegenstrasse, 72 
Tel (49-911) 59893-0 
Telefax (49-911) 5980701 


70499 STUTTGART 31 
Mittlerer Pfad 2-4 

Tel (49-711) 13968-0 
Telefax (49-711) 8661427 


ITALY 


20090 ASSAGO (Ml) 

V.le Milanofiori - Strada 4 - Palazzo A/4/A 
Tel (39-2) 57546.1 (10 linee) 

Telefax (39-2) 8250449 


40033 CASALECCHIO DI RENO (BO) 
Via R. Fucini, 12 

Tel. (39-51) 591914 

Telefax (39-51) 591305 


00161 ROMA 

Via A. Torlonia, 15 

Tel. (39-6) 44251142 
Telefax (39-6) 85354438 


NETHERLANDS 


5652 AR EINDHOVEN 
Meerenakkerweg 1 

Tel : (31-40) 550015 
Telefax (31-40) 528835 


SPAIN 


08004 BARCELONA 

Calle Gran Via Corts Catalanes, 322 
6" Floor, 2" Door 

Tel. (84-3) 4251800 

Telefax: (34-3) 4253674 


28027 MADRID 

Calle Albacete, 5 

Tel. (34-1) 4051615 
Telefax: (34-1) 4031134 


SWEDEN 


S-16421 KISTA 
Borgarfyordsgatan, 13 - Box 1094 
Tel . (46-8) 7936920 

Telefax (46-8) 7504950 


SWITZERLAND 


1218 GRAND-SACONNEX (GENEVA) 
Chemin Francois-Lehmann, 18/A 

Tel. (41-22) 9292929 

Telefax: (41-22) 9292900 


UNITED KINGDOM and EIRE 


MARLOW, BUCKS 
Planar House, Parkway 
Globe Park 

Tel. (44-1628) 890800 
Telefax: (44-1628) 890391 


AMERICAS 


BRAZIL 


05413 SAO PAULO 

R. Henrique Schaumann 286-CJ33 
Tel : (55-11) 883-5455 

Telex’ (391)11-37988 “UMBR BR” 
Telefax (55-11) 282-2367 


CANADA 


NEPEAN ONTARIO K2H 9C4 
301 Moodie Drive Suite 307 
Tel : (613) 829-9944 

Telefax (613) 829-8996 


U.S.A. 


NORTH & SOUTH AMERICAN 
MARKETING HEADQUARTERS 
55 Old Bedford Road 

Lincoln, MA 01773 

Tel (617) 259-0300 

Telefax (617) 259-4421 


ALABAMA 
Huntsville - Tel (205) 533-5995 
Fax (205) 533-9320 


ARIZONA 
Phoenix - Tel (602) 867-6217 
Fax (602) 867-6200 


CALIFORNIA 

SantaAna- Tel. (714) 957-6018 
Fax (714) 957-3281 

San Jose - Tel (408) 452-8585 
Fax (408) 452-1549 

Scotts Valley- Te! (408) 439-2950 
Fax (408) 439-2969 


COLORADO 
Boulder - Tel (303) 449-9000 
Fax (303) 449-9505 


FLORIDA 
Boca Raton - Tel (407) 997-7233 
Fax (407) 997-7554 


GEORGIA 
Norcross - Tel (404) 242-7444 
Fax (404) 368-9439 


ILLINOIS 
Schaumburg - Te! (708) 517-1890 
Fax (708) 517-1899 


INDIANA 

Kokomo - Tel. (317) 455-3500 
Fax (317) 455-3400 

Indianapolis - Tel (317) 575-5520 
Fax (317) 575-8211 


MICHIGAN 
Livonia- Tel: (313) 953-1700 
Fax (313) 462-4071 


MINNESOTA 
Bloomington - Tel (612) 944-0098 
Fax (612) 944-0133 


NORTH CAROLINA 
Cary - Tel (919) 469-1311 
Fax (919) 469-4515 


NEW JERSEY 
Voorhees - Tel (609) 772-6222 
Fax (609) 772-6037 


NEW YORK 
Poughkeepsie - Tel.: (914) 454-8813 
Fax: (914) 454-1320 


OREGON 
Lake Oswego - Tel (503) 635-7650 


TENNESSEE 
Knoxville - Tel (615) 524-6239 


TEXAS 

Austin - Tel.: (512) 346-0880 
Fax (512) 346-6260 

Carrollton- Tel (214) 466-8844 
Fax (214) 466-8130 

Houston- Tel. (713) 376-9936 
Fax (713) 376-9948 


FOR RF AND MICROWAVE 
POWER TRANSISTORS CONTACT 
THE FOLLOWING REGIONAL 
OFFICE IN THE U.S A. 


PENNSYLVANIA 


Montgomeryville- Tel (215) 361-6400 
Fax (215) 361-1293 


ASIA / PACIFIC 


AUSTRALIA 


DINGLEY VIC 3172 
Suite 6, Business Centre 
14 Garden Boulevard 

Tel (61-3) 9558 3399 
Telefax (61-3) 9558 3377 


N.S.W. 2220 HURTSVILLE 
Suite 3, Level 7, Otis House 
43 Bridge Street 

Tel (61-2) 580 3811 
Telefax (61-2) 580 6440 


CHINA 


BENING 

c/o Technical Liaison Office 
Beying No 5 Semiconducter 
Device Factory 

14 Wu Lu Tong Road 

De Sheng Men Wai 

Tel (86-10) 202 4378 
Telefax (86-10) 202 4378 


SHANGHAI 200233 

108-10 Astronartics Building 
222 Cao Xi Road 

Tel (86-21) 472-5415 
Telefax (86-21) 472-6814 


SHENZHEN 518001 

Flat J, 22/F 

38 Dung Meng Nanlu 

Tel (86-755) 228-0035 
Telefax: (86-755) 217-8500 


HONG KONG 


WANCHAI 

22nd Floor - Hopewell centre 
183 Queen's Road East 

Tel. (852) 2861 5788 

Telefax (852) 2865 6589 


INDIA 


BANGALORE 560052 
Diners Business Service 
26 Cunningham Road 
Tel (91-80) 267 272 
Telefax (91-80) 261 133 


SALES OFFICES 


NOIDA 201301 

Liaison Office 

PlotN 2&3, Sector 16A 
Institutional Area 

Distt Ghaziabad UP 

Tel. (91-11) 853 0965/8 
Telefax (91-11) 855 6957 


MALAYSIA 


SELANGOR, PETALING JAYA 46200 
Unit BM-10 PJ, Industrial Park 
Jalan Kemajuan 12/18 

Tel - (03) 758 1189 

Telefax (03) 758 1179 


PENANG 

Unit 9-A, Lower Lovel 14 
Hotel Equatorial 

1 Jalan Bukit Jambul 


KOREA 


SEOUL 

8th floor Shinwon Building 
823-14, Yuksam-Dong 
Kang-Nam-Ku 

Tel (82-2) 553-0399 
Telefax (82-2) 552-1051 


TAEGU 701-023 

18th Floor Youngnam Tower 

111 Shinchun-3 Dong, Dong-Ku 
Tel. (82-53) 756-9583 

Telefax (82-53) 756-4463 


SINGAPORE 


SINGAPORE 2056 

28 Ang Mo Kio - Industrial Park 2 
Tel (65) 482 1411 

Telefax (65) 482 0240 


TAIWAN 


TAIPE! 

11th Floor, # 105 

Tun Hua South Road, Section 2 
Tel (886-2) 755-4111 

Telefax (886-2) 755-4008 


THAILAND 


BANGKOK 10110 

Unit # 1315 

54 Asoke Road 
Sukhumvit 21 

Tel (66-2) 260 7870 
Telefax (66-2) 260 7871 


JAPAN 


TOKYO 108 

Nisseki - Takanawa Blg 

2-18-10 Takanawa 

Minato-Ku / 
Tel (81-3) 3280-4120 

Telefax (81-3) 3280-4131 


OSAKA 532 

Shin-Osaka Second Mor Bldg 
3-5-36 Miyahara Yodogawa-Ku 
Tel (81-0) 6397-4130 

Telefax (81-0) 6397-4131 


Information fumished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility for the 
consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No 
license is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics. Specification mentioned 
in this publication are subject to change without notice. This publication supersedes and replaces all information previously supplied. 
SGS-THOMSON Microelectronics products are not authorized for use as critical components in life support devices or systems without express 
written approval of S€S-THOMSON Microelectronics. 
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